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(37) ABSTRACT

A controller includes a first intermediate mode which, when
the operation mode of an internal combustion engine 1s
shifted from a compression ignition operation mode to a
spark 1gnition operation mode, 1s interposed between both the
operation modes, and a second intermediate mode which,
when the operation mode of the internal combustion engine 1s
shifted from the spark 1gnition operation mode to the com-
pression 1gnition operation mode, 1s interposed between both
the operation modes. An air supply amount and a fuel supply
amount to a combustion chamber 1s controlled so that the
air-fuel ratio of an air-fuel mixture becomes rich gradually 1in
the first intermediate mode, and the air supply amount and the
tuel supply amount to the combustion chamber 1s controlled
so that the air-fuel ratio of the air-fuel mixture becomes lean
gradually 1n the second intermediate mode. As a result, when
the operation mode of the internal combustion engine 1s
switched between the compression 1gnition operation mode
and the spark 1gnition operation mode, 1t becomes possible to
suppress fluctuations in the output torque of the internal com-
bustion engine, etc. and smoothly perform the switching.

10 Claims, 21 Drawing Sheets
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CONTROLLER OF INTERNAL
COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a controller of an internal
combustion engine which is operable 1n a compression 1gni-
tion combustion operation mode 1n which an air-fuel mixture
within a combustion chamber of a cylinder 1s compressed,
and the fuel of the air-fuel mixture 1s thereby selt-ignited and
combusted, and a spark 1gnition combustion operation mode
in which the fuel of the air-fuel mixture 1s 1gnited and com-
busted by spark 1gnition.

2. Description of the Related Art

Conventionally, as can be found 1n, for example, Japanese
Patent Laid-Open Publication No. 2006-97603 (hereinafter
referred to as “Patent Document 1), and Japanese Patent
Laid-Open Publication No. 2007-77919 (hereinafter referred
to as “Patent Document 2”), an 1nternal combustion engine
(heremaftter referred to as “two-i1gnition-type internal com-
bustion engine”) which 1s made operable 1n a compression
1gnition operation mode (so-called an HCCI-type operation
mode) 1n which the fuel of an air-fuel mixture 1s self-ignited
and combusted by compressing the air-fuel mixture charged
into a combustion chamber of a cylinder, and a spark 1gnition
operation mode (so-called SI-type operation mode) in which
the fuel of the air-fuel mixture 1s 1ignited and combusted by
spark 1gnition 1s known.

In the techniques seen 1n Patent Documents 1 and 2, basi-
cally, 1n a case where the rotational frequency and load of the
internal combustion engine are 1n the state of a low-speed and
low-load region, the operation of the internal combustion
engine 1n the compression 1gnition operation mode 1s per-
tformed, and 1n a case where the rotational frequency and load
are 1n the state of a high-speed and high-load region, the
operation of the internal combustion engine 1n the spark 1gni-
tion operation mode 1s performed.

In addition, in the techniques seen 1n these Patent Docu-
ments 1 and 2, a valve mechanism and a supercharger which
can separately adjust the opening and closing timing or lift
amount of intake valves 1n the compression 1ignition operation
mode and the spark ignition operation mode 1s provided,
thereby making it possible to properly-perform combustion
of an air-fuel mixture in each operation mode.

Additionally, as an internal combustion engine which per-
torms the HCCI-type operation, as seen 1n, for example,
Japanese Patent Laid-Open Publication No. 2000-179368
(heremaftter referred to as “Patent Document 3”), one which 1s
adapted to be able to independently supply two kinds of fuels
whose octane values are different from each other to a com-
bustion chamber of a cylinder, thereby adjusting the ratio of
the supply amounts of the fuels according to the load of the
internal combustion engine, thereby properly performing the
combustion of the fuels, 1s known.

Meanwhile, 1n the two-1gnition-type internal combustion
engine, various requirements, such as the air-fuel ratio of an
air-fuel mixture which 1s required to properly operate the
internal combustion engine 1n each operation mode, are dii-
ferent, 1n addition to the fact that the ignmition methods of the
tuels 1 each operation mode are different. For example,
although the air-fuel ratio of an air-fuel mixture suitable for
the operation 1n the spark 1gnition operation mode 1s an air-
fuel ratio near a theoretical air-fuel ratio, the air-fuel ratio of
the air-fuel mixture suitable for the operation 1n the compres-
s10n 1gnition operation mode 1s an air-fuel ratio significantly
nearer to lean side than the theoretical air-fuel ratio. For this
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reason, at the time of the switching of those operation modes,
the air-fuel ratio of the air-fuel mixture within the combustion
chamber becomes unsuitable even for any operation mode. As
a result, troubles are apt to occur such that the combustion of
the air-fuel mixture in the combustion chamber becomes
unstable, or fluctuations in output torque are caused.

Further, the air-fuel ratio of the air-fuel mixture suitable for
the operation 1n the spark 1gnition operation mode 1s an air-
tuel ratio nearer to the rich side than the air-fuel ratio of the
air-fuel mixture suitable for the operation 1n the compression
1gnition operation mode. Therefore, at the time of the switch-
ing from the spark 1gnition operation mode to the compres-
s10n 1gnition operation mode, the temperature within the cyl-
inder and the temperature of the wall of the cylinder
immediately after the switching, 1s apt to be a higher tem-
perature than a temperature at the time of continuous opera-
tion 1n the compression 1gnition operation mode. For this
reason, troubles may be caused such that, at the time of the
operation of the internal combustion engine immediately
alter the switching from the spark 1gnition operation mode to
the compression 1gnition operation mode, the 1gnition timing
of an air-fuel mixture 1s made earlier than a suitable 1gnition
timing, excessive combustion noises 1s generated, or knock-
1ng OCCUrs.

However, in the control techniques of the two-way 1gnition
internal combustion engine as seen 1n the above Patent Docu-
ments 1 and 2, a control technique which is suitable at the time
of the switching of the operation mode 1s not provided. Thus,
there 1s a possibility that troubles may be caused as described
above. Further, since a drive mechanism of complicated
intake valves 1s required in the techniques seen 1n Patent
Documents 1 and 2, the configuration of the internal combus-
tion engine 1s complicated, and the optimal control of the
air-fuel ratio of an air-fuel mixture, etc. 1s difficult due to the
delay of the operation of the drive mechanism of the intake
valves, etc.

SUMMARY OF THE INVENTION

The invention 1s to provide a controller capable of, when
the operation mode of a two-1gnition-type internal combus-
tion engine 1s switched between a compression ignition
operation mode and a spark 1gnition operation mode, sup-
pressing tluctuations in the output torque of the internal com-
bustion engine, etc. and smoothly performing the switching,
in view of such a situation.

In order to achieve the above object, the controller of an
internal combustion engine of the invention 1s a controller of
an 1nternal combustion engine which 1s operable 1n a com-
pression ignition operation mode in which an air-fuel mixture
charged into a combustion chamber of a cylinder 1s com-
pressed, and thereby, the fuel of the air-fuel mixture 1s seli-
ignited and combusted, and 1n a spark ignition operation
mode 1n which the fuel of the air-fuel mixture 1s 1gnited and
combusted by spark 1gnition. The controller includes a first
intermediate mode which, 1n a case where the operation mode
of the mternal combustion engine 1s shifted from the com-
pression 1gnition operation mode to the spark 1gnition opera-
tion mode, 1s interposed between both the operation modes,
and a second intermediate mode which, 1n a case where the
operation mode of the internal combustion engine 1s shifted
from the spark 1gnition operation mode to the compression
ignition operation mode, 1s interposed between both the
operation modes. The controller includes an intermediate
mode control means which controls an air supply amount and
a fuel supply amount to the combustion chamber so that the
air-fuel ratio of the air-fuel mixture becomes rich gradually 1n
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the first intermediate mode, and which controls the air supply
amount and the fuel supply amount to the combustion cham-
ber so that the air-fuel ratio of the air-fuel mixture becomes
lean gradually 1n the second intermediate mode. (First Inven-
tion)

According to the first invention, the operation mode of an
internal combustion engine includes the first intermediate
mode and the second intermediate mode, 1n addition to the
compression 1gnition operation mode and the spark 1gnition
operation mode. Also, in the first mtermediate mode, the
intake air amount and air supply amount to the combustion
chamber are controlled by the intermediate mode control
means so that the air-fuel ratio of the air-fuel mixture
becomes rich gradually. This can smoothly change the air-
tuel ratio of the air-fuel mixture from an air-fuel ratio (an
air-fuel ratio nearer to the lean side than a theoretical air-fuel
rat10) suitable for the operation of the internal combustion
engine 1n the compression i1gnition operation mode to an
air-fuel ratio (an air-fuel ratio near a theoretical air-fuel ratio)
suitable for the operation of the internal combustion engine 1n
the spark 1gnition operation mode, 1n the first intermediate
mode which, at the time of shifting from the compression
1gnition operation mode to the spark 1gnition operation mode,
1s 1terposed between the operation modes. Further, in the
second intermediate mode, the intake air amount and air
supply amount to the combustion chamber are controlled by
the intermediate mode control means so that the air-fuel ratio
of the air-fuel mixture becomes lean gradually. This can
smoothly change the air-fuel ratio of the air-fuel mixture from
an air-fuel ratio (an air-fuel ratio nearer to the lean side than a
theoretical air-fuel ratio) suitable for the operation of the
internal combustion engine in the spark ignition operation
mode to an air-fuel ratio (an air-fuel ratio near a theoretical
air-fuel ratio) suitable for the operation of the imternal com-
bustion engine in the compression 1ignition operation mode, in
the second intermediate mode which, at the time of shifting
from the spark 1gnition operation mode the compression 1gni-
tion operation mode, 1s mterposed between the operation
modes.

As aresult, at the time of switching of the operation mode
between the compression 1gnition operation mode and the
spark 1gnition operation mode, it becomes possible to sup-
press fluctuations 1n the output torque of the internal combus-
tion engine, etc. and smoothly perform the switching.

In such a first invention, more specifically, preferably, the
controller of an internal combustion engine includes: an
intake-air controlling means which has a first target intake
state quantity determining means which determines a first
target value of an intake state quantity as a state quantity
which specifies, according to the operation state of the inter-
nal combustion engine, an air supply amount required 1n a
case where the internal combustion engine 1s operated 1n the
compression 1gnition operation mode, a second target intake
state quantity determining means which determines, accord-
ing to the operation state of the internal combustion engine, a
second target value of an intake state quantity required 1n a
case where the internal combustion engine 1s operated 1n the
spark 1gnition operation mode, and an intake state quantity
detecting means which detects the intake state quantity, and
which controls the opening degree of a throttle valve provided
in an intake passage ol the internal combustion engine
according to a deviation between this first target value or the
second target value, and the detected intake state quantity, so
that the detected intake state quantity 1s brought close to the
first target value at the time of the operation of the internal
combustion engine in the compression 1gnition operation
mode and the second intermediate mode, and so that the
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4

detected intake state quantity 1s brought close to the second
target value at the time of the operation of the internal com-
bustion engine in the spark ignition operation mode and the
first 1intermediate mode; a control processing means for a
compression 1gnition operation mode which determines, at
least according to the operation state of the internal combus-
tion engine, operational amounts for a compression ignition
operation mode 1including at least operational amounts which
specily the fuel supply amount and fuel supply timing to the
combustion chamber in a case where the internal combustion
engine 1s operated in the compression ignition operation
mode; and a control processing means for a spark ignition
operation mode which determines, at least according to the
operation state ol the internal combustion engine, operational
amounts for a spark 1gnition operation mode including at least
operational amounts which specity, the fuel supply amount
and fuel supply timing to the combustion chamber 1n a case
where the internal combustion engine 1s operated in the spark
1gnition operation mode. The first target intake state quantity
determining means and the second target intake state quantity
determining means are means which respectively determine
the first target value and the second target value so that an air
supply amount specified by the first target value becomes
larger than an air supply amount specified by the second
target value, at least 1n the operation state of the internal
combustion engine where the operation mode 1s to be shitted
between the compression 1gnition operation mode and the
spark 1gnition compression i1gnition operation mode. The
intermediate mode control means includes the intake-air con-
trolling means as a means which controls the air supply
amount at the time of the operation of the internal combustion
engine 1n the first intermediate mode and the second interme-
diate mode. The means which controls the fuel supply amount
at the time of the operation of the internal combustion engine
in the first intermediate mode includes a means which deter-
mines a controlling operational amount which specifies an
actual fuel supply amount to the combustion chamber, from
an operational amount relating to the fuel supply amount
among the operational amounts for a compression 1gnition
operation mode determined by the control processing means
for a compression 1gnition operation mode at the time of the
completion of the compression 1gnition operation mode so
that the controlling operational amount follows an opera-
tional amount relating to the fuel supply amount among the
operational amounts for a spark ignition operation mode
determined by the control processing means for a spark 1gni-
tion operation mode during the operation of the internal com-
bustion engine in the first mtermediate mode while being
changed 1n a first predetermined pattern, and which controls
a fuel supply system provided in the internal combustion
engine according to the determined controlling operational
amount. The means which controls the fuel supply amount at
the time of the operation of the internal combustion engine in
the second intermediate mode includes a means which deter-
mines a controlling operational amount which specifies an
actual fuel supply amount to the combustion chamber, from
an operational amount relating to the fuel supply amount
among the operational amounts for a spark 1gnition operation
mode determined by the control processing means for a spark
1gnition operation mode at the time of the completion of the
spark 1gnition operation mode so that the controlling opera-
tional amount follows an operational amount relating to the
tuel supply amount among the operational amounts for a
compression 1gnition operation mode determined by the con-
trol processing means for a compression 1gnition operation
mode during the operation of the internal combustion engine
in the second intermediate mode while being changed 1n a
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second predetermined pattern, and which controls the fuel
supply system according to the determined controlling opera-
tional amount. (Second Invention)

The intake-air controlling means controls the air supply
amount to the combustion chamber of the cylinder of the
internal combustion engine so as to decrease gradually at the
time of the operation of the internal combustion engine 1n the
first intermediate mode, and controls the air supply amount to
the combustion chamber of the cylinder of the internal com-
bustion engine so as to increase gradually at the time of the
operation of the internal combustion engine 1n the second
intermediate mode. In addition, the intake state quantity
includes the pressure within the intake passage on the down-
stream side of the throttle valve (so-called intake pressure),
the flow rate of air in the intake passage, eftc.

Also, 1 parallel with the control of the air supply amount
by the intake-air controlling means, at the time of the opera-
tion of the internal combustion engine 1n each intermediate
mode, the fuel supply system 1s controlled by the intermediate
mode control means, and the fuel supply amount to the com-
bustion chamber 1s adjusted. Furthermore, the air-fuel ratio of
an air-fuel mixture within the combustion chamber 1is
adjusted. At this time, at the time of the operation of the
internal combustion engine 1n the first intermediate mode, a
controlling operational amount which specifies an actual tuel
supply amount to the combustion chamber 1s controlled from
an operational amount relating to the fuel supply amount
among the operational amounts for a compression 1gnition
operation mode determined by the control processing means
for a compression 1gnition operation mode at the time of the
completion of the compression ignition operation mode so
that the controlling operational amount follows an opera-
tional amount relating to the fuel supply amount among the
operational amounts for a spark ignition operation mode
determined by the control processing means for a spark 1gni-
tion operation mode while being changed 1n a first predeter-
mined pattern. Also, the fuel supply system 1s controlled
according to the determined controlling operational amount.
In this case, by properly setting the first predetermined pat-
tern, at the time of the operation of the internal combustion
engine 1n the first intermediate mode, the air-tfuel ratio of an
air-fuel mixture to be charged into the combustion chamber 1n
cach combustion cycle can be made rich gradually 1n a suit-
able form, and can finally be controlled to an air-fuel ratio
suitable for the operation in the spark i1gnition operation
mode.

Further, at the time of the operation of the internal com-
bustion engine 1n the second intermediate mode, a controlling,
operational amount which specifies an actual fuel supply
amount to the combustion chamber 1s controlled from an
operational amount relating to the fuel supply amount among
the operational amounts for a spark 1ignition operation mode
determined by the control processing means for a spark 1gni-
tion operation mode at the time of the completion of the spark
1gnition operation mode so that the controlling operational
amount follows an operational amount relating to the tuel
supply amount among the operational amounts for a com-
pression 1gnition operation mode determined by the control
processing means for a compression ignition operation mode
while being changed 1n a second predetermined pattern. Also,
the fuel supply system 1s controlled according to the deter-
mined controlling operational amount. In this case, by prop-
erly setting the second predetermined pattern, at the time of
the operation of the imnternal combustion engine 1n the second
intermediate mode, the air-fuel ratio of an air-fuel mixture to
be charged into a combustion chamber 1n each combustion
cycle can be made lean gradually 1n a suitable form, and can
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finally be controlled to an air-fuel ratio suitable for the opera-
tion in the compression 1gnition operation mode.

As a result, at the time of switching of the operation mode
between the compression ignition operation mode and the
spark 1gnition operation mode, preferably, 1t becomes pos-
sible to suppress fluctuations 1n the output torque of the mnter-
nal combustion engine, etc. and smoothly perform the switch-
ing. Moreover, since the air-fuel ratio of an air-fuel mixture
within the combustion chamber can be properly controlled by
the control of the opening degree of the throttle valve as
mentioned above, and by the above control of the fuel supply
system as mentioned above, without requiring a complicated
drive mechanism for the intake valve, the configuration of the
internal combustion engine can be made simple.

Additionally, 1n the second 1nvention, with respect to the
fuel supply timing to the combustion chamber 1n the first
intermediate mode, for example, the fuel supply timing by the
tuel supply system may be controlled according to an opera-
tional amount relating to the fuel supply timing among the
operational amounts for a spark ignition operation mode
determined by the control means for a spark 1gnition opera-
tion mode at the time of the operation of the internal combus-
tion engine 1n the first intermediate mode.

Further, with respect to the fuel supply timing to the com-
bustion chamber in the second intermediate mode, for
example, the fuel supply timing by the fuel supply system
may be controlled according to an operational amount relat-
ing to the fuel supply timing among the operational amounts
for a compression 1ignition operation mode determined by the
control means for a compression 1gnition operation mode at
the time of the operation of the internal combustion engine in
the second intermediate mode.

Further, with respect to the control of the 1gnition timing 1n
the each intermediate mode, for example, the operational
amounts for a spark ignition operation mode further including
an 1gnition timing operational amount which specifies the
1gnition timing of an air-fuel mixture within the combustion
chamber 1n a case where the internal combustion engine 1s
operated 1n the spark 1gnition operation mode are determined
by the control processing means for a spark 1gnition operation
mode. Also, preferably, at the time of the operation of the
internal combustion engine 1n each intermediate mode, an
ignition timing controlling operational amount which speci-
fies the actual 1ignition timing of an air-fuel mixture within the
combustion chamber 1s controlled from the ignition timing
operational amount among the operational amounts for a
spark 1gnition operation mode determined by the control pro-
cessing means for a spark 1gnition operation mode during the
operation of the internal combustion engine 1n the intermedi-
ate mode so as to follow the ignition timing operational
amount while being changed 1n a predetermined third pattern,
and an 1gnition plug provided in the internal combustion
engine 15 provided according to the determined 1gnition tim-
ing controlling operational amount. In this case, it 1s desirable
that the third pattern 1s separately set 1n the first intermediate
mode and the second 1intermediate mode.

Further, at the time of the operation of the internal com-
bustion engine 1n the compression 1gnition operation mode,
the fuel supply system may be controlled according to the
operational amounts for a compression ignition operation
mode determined by the control processing means for a com-
pression ignition operation mode. Moreover, at the time of the
operation of the internal combustion engine 1n the spark 1gni-
tion operation mode, the fuel supply system (or the fuel
supply system and the i1gnition plug) may be controlled
according to the operational amounts for a spark 1gnition
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operation mode determined by the control processing means
for a spark 1gnition operation mode.

Meanwhile, since the fuel of the air-fuel mixture 1s self-
ignited and combusted by the compression of the air-tuel
mixture in the combustion chamber at the time of the opera-
tion of the internal combustion engine 1n the compression
ignition operation mode, 1t 1s suitable to use fuel having
comparatively high ignition performance. Further, since the
tuel of the air-fuel mixture 1s forcibly 1gnited and combusted
by spark 1gnition at the time of the operation of the internal
combustion engine 1n the spark 1gnition operation mode, 1t 1s
suitable to use fuel having a lower 1gnition performance than
that at the time of the operation of the internal combustion
engine 1 the compression ignition operation mode. Also, 1 a
case where a plurality of kinds of tuels whose octane values
are different from each other and whose supply amounts are
adjustable 1s capable of being supplied to the combustion
chamber, the 1gnition performance of a composite fuel com-
posed of the plurality of kinds of fuels can be changed by
adjusting the mutual ratio of the supply amounts of the fuels.

Thus, 1n the first invention, preferably, the fuel supplied to
the combustion chamber 1s composed of a plurality of kinds
of fuels whose octane values are different from each other,
and whose supply amounts are adjustable, and the interme-
diate mode control means further includes a means which
adjusts the mutual ratio of the supply amounts of the plurality
of kinds of fuels so that the ratio of the supply amount of a
higher-octane fuel increases gradually with respect to the
total amount of the plurality of kinds of fuels supplied to the
combustion chamber i1n the first intermediate mode, and
adjusts the mutual ratio of the supply amounts of the plurality
of kinds of fuels so that the ratio of the supply amount of a
lower-octane fuel increases gradually with respect to the total
amount of the plurality of kinds of fuels supplied to the
combustion chamber in the second intermediate mode. (Third
Invention)

According to the third invention, in the first intermediate
mode, the mutual ratio of the supply amounts of the plurality
of kinds of fuels 1s adjusted so that the ratio of the supply
amount of a high-octane fuel increases gradually with respect
to the total amount of the plurality of kinds of tuels supplied
to the combustion chamber (the total amount of the supply
amounts of the individual kinds of fuels). This can smoothly
change the air-fuel ratio of an air-fuel mixture, 1.e., the 1gni-
tion performance of a composite fuel composed of the plu-
rality of kinds of fuels, from an air-fuel ratio suitable for the
operation of the internal combustion engine 1n the compres-
s10n 1gnition operation mode to an air-fuel ratio suitable for
the operation of the internal combustion engine in the spark
ignition operation mode, 1n the first intermediate mode
which, at the time of shifting from the compression ignition
operation mode to the spark 1gnition operation mode, 1s nter-
posed between the operation modes. Further, 1n the second
intermediate mode, the mutual ratio of the supply amounts of
the plurality of kinds of fuels 1s adjusted so that the ratio of the
supply amount of a high-octane fuel increases gradually with
respect to the total amount of the plurality of kinds of fuels
supplied to the combustion chamber. This can smoothly
change the 1gnition performance of a composite fuel of the
air-fuel mixture, from an air-fuel ratio suitable for the opera-
tion of the internal combustion engine 1n the spark ignition
operation mode to an air-fuel ratio suitable for the operation
of the internal combustion engine in the compression 1ignition
operation mode, 1n the second intermediate mode which, at
the time of shifting from the spark 1gnition operation mode to
the compression 1gnition operation mode, 1s 1nterposed
between the operation modes.
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As a result, at the time of switching of the operation mode
between the compression 1gnition operation mode and the
spark 1gnition operation mode, 1t possible to enhance the
elfects of suppressing fluctuations in the output torque of the
internal combustion engine, etc. and smoothly performing the
switching.

Further, 1n the second invention, preferably, the fuel supply
system 15 capable of supplying a plurality of kinds of fuels
whose octane values are different from each other to the
combustion chamber, and 1s capable of adjusting the supply
amounts of the plurality of kinds of fuels. An operational
amount relating to the fuel supply amount among the opera-
tional amounts for a compression ignition operation mode
determined by the control processing means for a compres-
s10n 1gnition operation mode, an operational amount relating
to the fuel supply amount among the operational amounts for
a spark 1gnition operation mode determined by the control
processing means for a spark 1gnition operation mode, and a
controlling operational amount relating to the fuel supply
amount determined by the intermediate mode control means
are respectively composed of an operational amount which
specifies the supply amount of each kind of the fuel. The first
predetermined pattern at the time of the operation of the
internal combustion engine 1n the first intermediate mode 1s
composed of a pattern separately set in advance for each kind
of the tuel so that the ratio of a fuel supply amount specified
by a controlling operational amount relating to a high-octane
fuel increases gradually with respect to the total amount of the
plurality of kinds of fuels specified by the controlling opera-
tional amounts relating to the fuel supply amounts of the
plurality of kinds of fuels, respectively. The second predeter-
mined pattern at the time of the operation of the internal
combustion engine in the second intermediate mode 1s com-
posed of a pattern separately set 1n advance for each kind of
the fuel so that the ratio of a fuel supply amount specified by
a controlling operational amount relating to a low-octane fuel
increases gradually with respect to the total amount of the
plurality of kinds of fuels specified by the controlling opera-
tional amounts relating to the fuel supply amounts of the
plurality of kinds of fuels, respectively. (Fourth Invention)

According to the fourth invention, at the time of the opera-
tion of the internal combustion engine 1n the first intermediate
mode, a controlling operational amount which specifies the
actual fuel supply amount of each kind of the fuel to the
combustion chamber 1s determined so as to follow an opera-
tional amount relating to the fuel supply amount of each kind
of the fuel among the operational amounts for a spark 1gnition
operation mode determined by the control processing means
for a spark 1gnition operation mode while being changed 1n a
separate pattern (first pattern). For this reason, by properly
setting the first pattern of each kind of the fuel, at the time of
the operation of the internal combustion engine in the first
intermediate mode, the air-fuel ratio of an air-fuel mixture to
be charged into the combustion chamber in each combustion
cycle can be made rich gradually, and the 1gnition perfor-
mance of the fuel (composite fuel) of the air-fuel mixture can
be changed like the third invention.

Further, at the time of the operation of the internal com-
bustion engine 1n the second intermediate mode, a controlling
operational amount which specifies the actual fuel supply
amount of each kind of the fuel to the combustion chamber 1s
determined so as to follow an operational amount relating to
the fuel supply amount of each kind of the fuel among the
operational amounts for a compression ignition operation
mode determined by the control processing means for a com-
pression 1gnition operation mode while being changed 1n a
separate pattern (second pattern). For this reason, by properly
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setting the second pattern of each kind of the fuel, at the time
of the operation of the internal combustion engine in the
second intermediate mode, the air-fuel ratio of an air-fuel
mixture to be charged into the combustion chamber 1n each
combustion cycle can be made lean gradually, and the 1gnition
performance of the fuel (composite fuel) of the air-fuel mix-
ture can be changed like the third invention.

As a result, according to the fourth invention, similarly to
the third 1nvention, at the time of switching of the operation
mode between the compression 1gnition operation mode and
the spark 1gnition operation mode, fluctuations 1n the output
torque of the internal combustion engine, etc. can be sup-
pressed, and the stability of the combustion state of the fuel in
the combustion chamber can be enhanced.

In the fourth invention, preferably, the control processing
means for a compression ignition operation mode includes a
means which determines an operational amount group which
1s a set of the operational amounts relating to the plurality of
kinds of fuels, among the operational amounts which specily
the supply amounts of the plurality of kinds of fuels to the
combustion chamber, at least by a first predetermined control
rule according to the operation state of the internal combus-
tion engine, at the time of the operation of the internal com-
bustion engine in the compression ignition operation mode
excluding a first predetermined period immediately after the
switching from the second intermediate mode to the compres-
s10n 1gnition operation mode, and a means which determines
an operational amount group which 1s obtained by correcting
at least one operational amount, among a normal operational
amount group that 1s the operational amount group which 1s
determined by the first predetermined control rule, at the time
of the operation of the internal combustion engine in the
compression ignition operation mode in the first predeter-
mined period. The means which determines the correction
operational amount group 1s a means which corrects the cor-
rection operational amount group so that the ratio of the
supply amount of a high-octane fuel increases more than a
ratio specified by a normal operational amount group deter-
mined by the first predetermined control value, with respect
to the total amount of the plurality of kinds of tuels specified
by the correction operational amount group. The fuel supply
system 1s controlled according to the correction operational
amount group determined by the control processing means
for a compression 1gnition operation mode at the time of the
operation of the internal combustion engine 1n the compres-
sion 1gnition operation mode in the first predetermined
period, and the fuel supply system 1s controlled according to
a normal operational amount group determined by the control
processing means for a compression ignition operation mode
at the time of the operation of the internal combustion engine
in the compression 1gnition operation mode excluding the
first predetermined period. (Fifth Invention)

That 1s, as described above, the temperature within the
cylinder or the temperature of the wall of the cylinder at the
time of the operation of the internal combustion engine in the
spark 1gnition operation mode 1s apt to be higher than the
temperature at the time of the operation of the internal com-
bustion engine 1n the compression ignition operation mode.
For this reason, the combustion timing of the fuel of an
air-fuel mixture within the combustion chamber 1s apt to be
carlier than a suitable combustion timing immediately after
the operation mode 1s switched from the spark ignition opera-
tion mode via the second intermediate mode to the compres-
s10n 1gnition operation mode.

In this case, according to the fifth invention, the operation
of the internal combustion engine in the compression ignition
operation mode in the first predetermined period immediately
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after switching from the second intermediate mode to the
compression 1gnition operation mode and the operation of the
internal combustion engine in the compression i1gnition
operation mode excluding the first predetermined period are
distinguished from each other. At the time of the former
operation, the fuel supply system 1s controlled according to
the correction operational amount group which 1s obtained by
correcting at least one operational amount (operational
amount which specifies a fuel supply amount relating to at
least one kind of fuel) of a normal operational amount group
determined by the first control rule. Further, at the time of the
latter operation, the fuel supply system 1s controlled accord-
ing to a normal operational amount group determined by the
first control rule. Also, the correction operational amount
group 1s determined so that the ratio of the supply amount of
a high-octane fuel increases more than a ratio specified by a
normal operational amount group determined by the first
predetermined control value, with respect to the total amount
of the plurality of kinds of fuels specified by the correction
operational amount group.

For this reason, at the time of the operation of the internal
combustion engine 1n the compression i1gnition operation
mode 1n the first predetermined period, the 1gnition perfor-
mance of the tuel (composite fuel) of an air-fuel mixture to be
charged into the combustion chamber in every combustion
cycle can be made lower than that of a normal case 1n which
the tuel supply system 1s controlled according to the normal
operational amount group. As a result, immediately atfter the
operation mode 1s switched from the spark 1gnition operation
mode via the second intermediate mode to the compression
1gnition operation mode, the early combustion timing of the
fuel can be prevented, and thereby, the fuel (composite fuel)
can be self-1ignited and combusted with suitable combustion
timing.

Further, in the first to fifth inventions described hitherto,
the controller of an internal combustion engine preferably
includes an 1gnition timing control means for a spark 1gnition
operation mode which determines an 1gnition timing opera-
tional amount which specifies the 1gnition timing of the air-
fuel mixture within the combustion chamber, by a second
predetermined control rule at least according to the operation
state of the internal combustion engine, thereby controlling
an 1gnition plug provided in the internal combustion engine
according to the correction i1gnition timing operational
amount, at the time of the operation of the internal combus-
tion engine 1n the spark 1gnition operation mode excluding a
second predetermined period immediately after the switching
from the first intermediate mode to the spark 1gnition opera-
tion mode, and which determines a correction 1gnition timing
operational amount which 1s obtained by correcting a normal
1gnition timing operational amount which 1s an 1gnition tim-
ing operational amount determined by the second predeter-
mined control rule, thereby control the 1gnition plug accord-
ing to the 1gnition timing operational amount, at the time of
the operation of the internal combustion engine 1n the spark
1gnition operation mode 1n the second predetermined period.
The 1gnition timing control means for a spark 1gnition opera-
tion mode determines the correction i1gnition timing opera-
tional amount so that an 1gnition timing specified by the
correction 1gnition timing operational amount becomes an
1gnition timing nearer to the retard side than an 1gnition tim-
ing specified by the normal ignition timing operational
amount, at the time of the operation of the internal combus-
tion engine 1n the spark 1gnition operation mode 1n the second
predetermined period. (Sixth Invention)

That 1s, at the time of shifting from the compression 1gni-
tion operation mode to the spark 1gmition operation mode,
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under the influence of the fuel which 1s supplied at the time of
the operation of the mternal combustion engine 1 the com-
pression 1gmition operation mode, and which adhere to and
remains at an intake port of the cylinder of the internal com-
bustion engine, the air-fuel ratio of the air-fuel mixture to be
charged into the combustion chamber 1s apt to be made richer
than a theoretical air-fuel ratio, at the time of the operation of
the internal combustion engine 1n the spark 1gnition operation
mode immediately after switching from the first intermediate
mode to the spark 1gnition operation mode. Furthermore, the
output torque of the internal combustion engine 1s apt to
become larger than a target torque.

In this case, according to the sixth imvention, the operation
of the internal combustion engine in the spark 1gnition opera-
tion mode 1n the second predetermined period immediately
alter switching from the first intermediate mode to the spark
ignition operation mode and the operation of the internal
combustion engine in the spark ignition operation mode
excluding the second predetermined period are distinguished
from each other. At the time of the former operation, the
ignition plug 1s controlled according to a correction 1gnition
timing operational amount which 1s obtained by correcting a
normal 1ignition timing operational amount determined by the
second control rule. Further, at the time of the latter operation,
the 1gnition plug 1s controlled according to a normal 1gnition
timing operational amount determined by the second control
rule. Also, the correction 1gnition timing operational amount
1s determined so that an 1gnition timing specified by the
correction 1gnition timing operational amount becomes an
ignition timing nearer to the retard side than an 1gnition tim-
ing specified by a normal 1gnition timing operational amount.
As aresult, immediately after the operation mode 1s switched
from the compression 1gnition operation mode via the first
intermediate mode to the spark 1gnition operation mode, the
output torque of the internal combustion engine can be pre-
vented from increasing, thereby smoothly changing the out-
put torque.

Further, as an aspect separate from the first invention, the
controller of an internal combustion engine of the invention 1s
a controller of an internal combustion engine which 1s oper-
able 1n a compression 1gnition operation mode 1n which an
air-fuel mixture charged into a combustion chamber of a
cylinder 1s compressed, and thereby, the fuel of the air-tuel
mixture 1s self-1ignited and combusted, and 1n a spark 1gnition
operation mode 1in which the fuel of the air-fuel mixture 1s
ignited and combusted by spark 1gnition, and 1s capable of
supplying a plurality ol kinds of fuels whose octane values are
different from each other to the combustion chamber. The
controller includes a first intermediate mode which, 1n a case
where the operation mode of the internal combustion engine
1s shifted from the compression 1gn1t1011 operation mode to
the spark 1gnition operation mode, 1s interposed between both
the operation modes, and a second intermediate mode which,
in a case where the operation mode of the internal combustion
engine 1s shifted from the spark 1ignition operation mode to the
compression 1gnition operation mode, 1s interposed between
both the operation modes. The controller includes an inter-
mediate mode control means which adjusts the mutual ratio
of the supply amounts of the plurality of kinds of fuels so that
the ratio of the supply amount of a higher-octane fuel
increases gradually with respect to the total amount of the
plurality of kinds of fuels supplied to the combustion chamber
in the first mtermediate mode, and adjusts the mutual ratio of
the supply amounts of the plurality of kinds of fuels so that the
ratio of the supply amount of a lower-octane fuel increases
gradually with respect to the total amount of the plurality of
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kinds of fuels supplied to the combustion chamber 1n the
second 1ntermediate mode. (Seventh Invention)

According to the seventh invention, the operation mode of
an internal combustion engine includes the first intermediate
mode and the second intermediate mode, 1n addition to the
compression 1gnition operation mode and the spark 1gnition
operation mode. Also, in the first mtermediate mode, the
mutual ratio of the supply amounts of the plurality of kinds of
tuels 1s adjusted so that the ratio of the supply amount of a
high-octane fuel increases gradually with respect to the total
amount of the plurality of kinds of fuels supplied to the
combustion chamber (the total amount of the supply amounts
of the individual kinds of fuels). This can smoothly change
the air-tuel ratio of an air-fuel mixture, 1.¢., the 1gnition per-
formance of a composite fuel composed of the plurality of
kinds of fuels, from an air-tuel ratio suitable for the operation
of the imnternal combustion engine in the compression 1gnition
operation mode to an air-fuel ratio suitable for the operation
of the internal combustion engine in the spark 1ignition opera-
tion mode, 1n the first intermediate mode which, at the time of
shifting from the compression 1gnition operation mode to the
spark 1gnition operation mode, 1s iterposed between the
operation modes. Further, 1n the second intermediate mode,
the mutual ratio of the supply amounts of the plurality of
kinds of fuels 1s adjusted so that the ratio of the supply amount
ol a high-octane fuel increases gradually with respect to the
total amount of the plurality of kinds of fuels supplied to the
combustion chamber. This can smoothly change the 1gnition
performance of a composite tuel of the air-fuel mixture, from
an air-fuel ratio suitable for the operation of the internal
combustion engine in the spark 1ignition operation mode to an
air-fuel ratio suitable for the operation of the internal com-
bustion engine in the compression 1ignition operation mode, 1n
the second intermediate mode which, at the time of shifting
from the spark 1gnition operation mode to the compression
1gnition operation mode, 1s interposed between the operation
modes.

As a result, at the time of switching of the operation mode
between the compression ignition operation mode and the
spark 1gnition operation mode, 1t becomes possible to sup-
press fluctuations 1n the output torque of the mternal combus-
tion engine, etc. and smoothly perform the switching.

In the seventh invention, more specifically, the controller of
an 1internal combustion engine preferably includes: a control
processing means for a compression ignition operation mode
which determines, at least according to the operation state of
the mternal combustion engine, operational amounts for a
compression 1gnition operation mode including at least
operational amounts which respectively specity the fuel sup-
ply amounts and fuel supply timings of the plurality of kinds
of fuels to the combustion chamber 1n a case where the 1nter-
nal combustion engine 1s operated in the compression 1gni-
tion operation mode; and a control processing means for a
spark 1gnition operation mode which determines, at least
according to the operation state of the internal combustion
engine, operational amounts for a spark 1gnition operation
mode including at least operational amounts which respec-
tively specity the tuel supply amounts and fuel supply timings
of the plurality of kinds of fuels to the combustion chamber 1n
a case where the imnternal combustion engine 1s operated in the
spark 1gnition operation mode. The intermediate mode con-
trol means includes a means which, at the time of the internal
combustion engine 1n the first intermediate mode, controls a
controlling operational amount which specity each of the
actual tuel supply amounts of the plurality of kinds of fuels to
the combustion chamber, separately for each kind of the fuel,
from an operational amount relating to the fuel supply
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amount of each kind of the fuel among the operational
amounts for a compression 1gnition operation mode deter-
mined by the control processing means for a compression
1gnition operation mode at the time of the completion of the
compression 1gnition operation mode so that the controlling 5
operational amount follows an operational amount relating to
the fuel supply amount of each kind of the fuel among the
operational amounts for a spark ignition operation mode
determined by the control processing means for a spark 1gni-
tion operation mode during the operation of the internal com- 10
bustion engine in the first mntermediate mode while being
changed 1n a first predetermined pattern, and which controls

a fuel supply system provided in the internal combustion
engine according to the determined controlling operational
amount, and a means which, at the time of the internal com- 15
bustion engine in the second intermediate mode, controls a
controlling operational amount which specity each of the
actual fuel supply amounts of the plurality of kinds of fuels to
the combustion chamber, separately for each kind of the fuel,
from an operational amount relating to the fuel supply 20
amount of each kind of the fuel among the operational
amounts for a spark 1gnition operation mode determined by
the control processing means for a spark 1gnition operation
mode at the time of the completion of the spark ignition
operation mode so that the controlling operational amount 25
follows an operational amount relating to the fuel supply
amount of each kind of the fuel among the operational
amounts for a compression 1gnition operation mode deter-
mined by the control processing means for a compression
1gnition operation mode during the operation of the internal 30
combustion engine in the second intermediate mode while
being changed in a second predetermined pattern, and which
controls a fuel supply system provided in the internal com-
bustion engine according to the determined controlling
operational amount. The first predetermined pattern at the 35
time of the operation of the internal combustion engine 1n the
first intermediate mode 1s composed of a pattern separately
set 1n advance for each kind of the fuel so that the ratio of a
tuel supply amount specified by a controlling operational
amount relating to a higher-octane fuel increases gradually 40
with respect to the total amount of the plurality of kinds of
tuels specified by the controlling operational amounts relat-
ing to the fuel supply amounts of the plurality of kinds of
tuels, respectively. The second predetermined pattern at the
time of the operation of the internal combustion engine 1n the 45
second intermediate mode 1s composed of a pattern sepa-
rately set in advance for each kind of the fuel so that the ratio

of a fuel supply amount specified by a controlling operational
amount relating to a lower-octane fuel increases gradually
with respect to the total amount of the plurality of kinds of 50
tuels specified by the controlling operational amounts relat-
ing to the fuel supply amounts of the plurality of kinds of
tuels, respectively. (Eighth Invention)

According to the eighth invention, at the time of the opera-
tion of the internal combustion engine 1n the first intermediate 55
mode, a controlling operational amount which specifies the
actual tuel supply amount of each kind of the fuel to the
combustion chamber 1s determined from an operational
amount relating to the fuel supply amount of each kind of the
tuel among the operational amounts for a compression 1gni- 60
tion operation mode determined by the control processing,
means for a compression 1gnition operation mode at the time
of the completion of the compression ignition operation mode
so that the controlling operational amount follows an opera-
tional amount relating to the fuel supply amount of each kind 65
of the fuel among the operational amounts for a spark 1gnition
operation mode determined by the control processing means
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for a spark 1gnition operation mode while being changed in a
first predetermined pattern. Also, 1n this case, the first prede-
termined pattern 1s composed of a pattern separately set in
advance for each kind of the fuel so that the ratio of a fuel
supply amount specified by a controlling operational amount
relating to a high-octane fuel increases gradually with respect
to the total amount of the plurality of kinds of fuels specified
by the controlling operational amounts relating to the fuel
supply amounts of the plurality of kinds of fuels, respectively.
By properly setting the first pattern of each kind of the fuel 1in
this way, at the time of the operation of the internal combus-
tion engine 1n the first intermediate mode, the 1gnition per-
formance of the fuel (composite fuel) of an air-fuel mixture to
be charged into the combustion chamber in each combustion
cycle can be changed like the seventh mnvention.

Further, at the time of the operation of the internal com-
bustion engine 1n the second intermediate mode, a controlling
operational amount which specifies the actual fuel supply
amount of each kind of the fuel to the combustion chamber 1s
determined from an operational amount relating to the fuel
supply amount of each kind of the fuel among the operational
amounts for a spark 1gnition operation mode determined by
the control processing means for a spark 1gnition operation
mode at the time of the completion of the spark ignition
operation mode so that the controlling operational amount
follows an operational amount relating to the fuel supply
amount of each kind of the fuel among the operational
amounts for a compression 1gnition operation mode deter-
mined by the control processing means for a compression
ignition operation mode while being changed 1 a second
predetermined pattern. Also, 1n this case, the second prede-
termined pattern 1s composed of a pattern separately set in
advance for each kind of the fuel so that the ratio of a fuel
supply amount specified by a controlling operational amount
relating to a low-octane fuel increases gradually with respect
to the total amount of the plurality of kinds of fuels specified
by the controlling operational amounts relating to the fuel
supply amounts of the plurality of kinds of fuels, respectively.
By properly setting the second pattern of each kind of the fuel
in this way, at the time of the operation of the iternal com-
bustion engine 1n the second intermediate mode, the 1gnition
performance of the fuel (composite tuel) of an air-fuel mix-
ture to be charged into the combustion chamber 1n each com-
bustion cycle can be changed like the seventh invention.

Additionally, 1 the eighth mvention, with respect to the
fuel supply timing to the combustion chamber in the first
intermediate mode, for example, the fuel supply timing by the
tuel supply system may be controlled according to an opera-
tional amount relating to the fuel supply timing among the
operational amounts for a spark ignition operation mode
determined by the control means for a spark 1gnition opera-
tion mode at the time of the operation of the internal combus-
tion engine 1n the first intermediate mode.

Further, with respect to the fuel supply timing to the com-
bustion chamber i1n the second intermediate mode, for
example, the fuel supply timing by the fuel supply system
may be controlled according to an operational amount relat-
ing to the fuel supply timing among the operational amounts
for a compression ignition operation mode determined by the
control means for a compression 1gnition operation mode at
the time of the operation of the internal combustion engine in
the second intermediate mode.

Further, with respect to the control of the 1ignition timing 1n
the each intermediate mode, for example, the operational
amounts for a spark ignition operation mode further including
an 1gnition timing operational amount which specifies the
ignition timing of an air-fuel mixture within the combustion




US 7,717,084 B2

15

chamber 1n a case where the internal combustion engine 1s
operated 1n the spark 1gnition operation mode are determined
by the control processing means for a spark ignition operation
mode. Also, preferably, at the time of the operation of the
internal combustion engine 1n each intermediate mode, an
ignition timing controlling operational amount which speci-
fies the actual 1gnition timing of an air-fuel mixture within the
combustion chamber 1s controlled from the ignition timing
operational amount among the operational amounts for a
spark 1gnition operation mode determined by the control pro-
cessing means for a spark 1gnition operation mode during the
operation of the internal combustion engine 1n the intermedi-
ate mode so as to follow the ignition timing operational
amount while being changed 1n a predetermined third pattern,
and an 1gnition plug provided in the internal combustion
engine 1s provided according to the determined 1gnition tim-
ing controlling operational amount. In this case, 1t 1s desirable
that the third pattern 1s separately set 1n the first intermediate
mode and the second 1intermediate mode.

Further, at the time of the operation of the internal com-
bustion engine 1n the compression 1gnition operation mode,
the fuel supply system may be controlled according to the
operational amounts for a compression 1gnition operation
mode determined by the control processing means for a com-
pression ignition operation mode. Moreover, at the time of the
operation of the internal combustion engine in the spark 1gni-
tion operation mode, the fuel supply system (or the fuel
supply system and the ignition plug) may be controlled
according to the operational amounts for a spark 1gnition
operation mode determined by the control processing means
for a spark 1gnition operation mode.

In the eighth invention, for the same reason as the fifth
invention, the control processing means for a compression
1gnition operation mode preferably includes a means which
determines an operational amount group which 1s a set of the
operational amounts relating to the plurality of kinds of tuels,
among the operational amounts which specity the supply
amounts of the plurality of kinds of fuels to the combustion
chamber, at least by a first predetermined control rule accord-
ing to the operation state of the internal combustion engine, at
the time of the operation of the internal combustion engine in
the compression 1gnition operation mode excluding a first
predetermined period immediately after the switching from
the second intermediate mode to the compression 1gnition
operation mode, and a means which determines an opera-
tional amount group which 1s obtained by correcting at least
one operational amount, among a normal operational amount
group that 1s the operational amount group which 1s deter-
mined by the first predetermined control rule, at the time of
the operation of the mternal combustion engine 1 the com-
pression ignition operation mode 1n the first predetermined
period. The means which determines the correction opera-
tional amount group 1s a means which corrects the correction
operational amount group so that the ratio of the supply
amount of a higher-octane fuel increases more than a ratio
specified by a normal operational amount group determined
by the first predetermined control value, with respect to the
total amount of the plurality of kinds of fuels specified by the
correction operational amount group. The fuel supply system
1s controlled according to the correction operational amount
group determined by the control processing means for a com-
pression 1gnition operation mode at the time of the operation
of the internal combustion engine in the compression 1ignition
operation mode 1n the first predetermined period, and the tuel
supply system 1s controlled according to a normal operational
amount group determined by the control processing means
for a compression 1gnition operation mode at the time of the
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operation of the internal combustion engine in the compres-
sion 1gnition operation mode excluding the first predeter-
mined period. (Ninth Invention)

According to the nminth i1nvention, similarly to the fifth
invention, the operation of the internal combustion engine 1n
the compression 1gnition operation mode 1n the first prede-
termined period immediately after switching from the second
intermediate mode to the compression ignition operation
mode and the operation of the internal combustion engine in
the compression 1gnition operation mode excluding the first
predetermined period are distinguished from each other. At
the time of the former operation, the fuel supply system 1s
controlled according to the correction operational amount
group which 1s obtained by correcting at least one operational
amount (operational amount which specifies a fuel supply
amount relating to at least one kind of fuel) of a normal
operational amount group determined by the first control rule.
Further, at the time of the latter operation, the fuel supply
system 1s controlled according to a normal operational
amount group determined by the first control rule. Also, the
correction operational amount group 1s determined so that the
ratio of the supply amount of a high-octane fuel increases
more than a ratio specified by a normal operational amount
group determined by the first predetermined control value,
with respect to the total amount of the plurality of kinds of
tuels (the sum of the individual kinds of fuels) specified by the
correction operational amount group.

For this reason, at the time of the operation of the internal
combustion engine in the compression ignition operation
mode 1n the first predetermined period, the 1gnition perfor-
mance of the tuel (composite fuel) of an air-fuel mixture to be
charged into the combustion chamber in every combustion
cycle can be made lower than that of a normal case 1n which
the fuel supply system 1s controlled according to the normal
operational amount group. As a result, immediately after the
operation mode 1s switched from the spark 1gnition operation
mode via the second intermediate mode to the compression
1gnition operation mode, the early combustion timing of the
fuel can be prevented, and thereby, the fuel (composite fuel)
can be self-1gnited and combusted with suitable combustion
timing.

Further, 1in the seventh to ninth inventions described hith-
erto, for the same reason as the sixth invention, the controller
of an internal combustion engine preterably includes an 1gni-
tion timing control means for a spark 1gnition operation mode
which determines an ignition timing operational amount
which specifies the 1gnition timing of the air-fuel mixture
within the combustion chamber, by a second predetermined
control rule at least according to the operation state of the
internal combustion engine, thereby controlling an 1gnition
plug provided in the internal combustion engine according to
the correction ignition timing operational amount, at the time
of the operation of the internal combustion engine in the spark
1gnition operation mode excluding a second predetermined
period immediately after the switching from the first interme-
diate mode to the spark 1gnition operation mode, and which
determines a correction 1gnition timing operational amount
which 1s obtained by correcting a normal ignition timing
operational amount which 1s an 1gnition timing operational
amount determined by the second predetermined control rule,
thereby control the 1gnition plug according to the ignition
timing operational amount, at the time of the operation of the
internal combustion engine in the spark i1gnition operation
mode 1n the second predetermined period. The 1gnition tim-
ing control means determines the correction 1gnition timing
operational amount so that an 1gnition timing specified by the
correction 1gnition timing operational amount becomes an




US 7,717,084 B2

17

1gnition timing nearer to the retard side than an 1gnition tim-
ing speciflied by the normal i1gnition timing operational
amount, at the time of the operation of the imnternal combus-
tion engine 1n the spark 1gnition operation mode 1n the second
predetermined period. (Tenth Invention)

According to the tenth invention, similarly to the sixth
invention, the operation of the internal combustion engine 1n
the spark 1gnition operation mode 1n the second predeter-
mined period immediately after switching from the first inter-
mediate mode to the spark 1gnition operation mode and the
operation of the internal combustion engine 1n the spark 1gni-
tion operation mode excluding the second predetermined
period are distinguished from each other. At the time of the
former operation, the 1gnition plug 1s controlled according to
a correction 1gnition timing operational amount which 1s
obtained by correcting a normal 1gnition timing operational
amount determined by the second control rule. Further, at the
time of the latter operation, the 1gnition plug 1s controlled
according to a normal 1gnition timing operational amount
determined by the second control rule. Also, the correction
ignition timing operational amount 1s determined so that an
ignition timing specified by the correction 1gnition timing
operational amount becomes an 1gnition timing nearer to the
retard side than an i1gnition timing specified by a normal
ignition timing operational amount. As a result, immediately
after the operation mode 1s switched from the compression
1gnition operation mode via the first intermediate mode to the
spark 1gnition operation mode, the output torque of the inter-
nal combustion engine can be prevented from increasing,
thereby smoothly changing the output torque.

In the 1nvention, “the operation state of the internal com-
bustion engine” which 1s used in the second invention to
determine the first target value and second target value of the
intake state quantity, the operational amounts for a compres-
s1on 1gnition operation mode, and the operational amounts for
a spark 1gnition operation mode, “the operation state of the
internal combustion engine” which is used in the fifth mven-
tion to determine the normal operational amount group, and
“the operation state of the internal combustion engine” which
1s used 1n the sixth mvention to determine the normal 1gnition
timing operational amount include, for example, the rota-
tional frequency (rotational speed of an output shait) of the
internal combustion engine, or a target torque (more gener-
ally, an index representing the load of the internal combustion
engine).

Similarly, “the operation state of the internal combustion
engine” which 1s used 1n the eighth invention to determine the
operational amounts for a compression 1gnition operation
mode, and the operational amounts for a spark 1gnition opera-
tion mode, “the operation state of the internal combustion
engine’” used 1n the ninth mvention to determine the normal
operational amount group, or “the operation state of the inter-
nal combustion engine” which 1s used 1n the tenth invention to
determine the normal 1gnition timing operational amount
include, for example, the rotational frequency (rotational
speed of an output shait) of the internal combustion engine, or
a target torque (more generally, an index representing the load
of the mternal combustion engine).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing the outline of a system configu-
ration of a controller of a homogeneous charge compression
1gnition engine 1 an embodiment of the invention,

FI1G. 2 15 a block diagram showing a schematic configura-
tion of the controller of the embodiment,
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FIG. 3 1s a view for explaining a method of determining an
operation mode by an operation mode determining unit

shown 1n FIG. 2,

FIG. 4 1s a functional block diagram showing a control
processing function of a throttle control processing unit
shown 1n FIG. 2,

FIG. 5 1s a view showing a map to be used 1n a processing,
unit 83 shown 1n FIG. 4,

FIG. 6 1s a view showing a map to be used 1n the processing,
unit 83 shown 1n FIG. 4,

FI1G. 7 1s a view showing a map to be used 1n the processing,
unit 84 shown 1n FIG. 4,

FIG. 8 1s a functional block diagram showing a control
processing function of a HCCI control processing unit shown
in FIG. 2,

FIG. 9 1s a view showing a map to be used 1n a processing,
unit 53 shown 1n FIG. 8,

FIG. 10 1s a view showing a map to be used 1n the process-
ing unit 54 shown 1n FIG. 8,

FIG. 11 1s afunctional block diagram showing a processing,
function of an 10n current F/B processing unit 335 shown 1n
FIG. 8,

FIG. 12 1s a view showing a map to be used in the ion
current F/B processing unit 35.

FIG. 13 1s afunctional block diagram showing a processing,
function of an acceleration-and-deceleration correction pro-
cessing unit 36 shown in FIG. 8,

FIG. 14 1s a view showing a map to be used 1n the accel-
eration-and-deceleration correction processing unit 56,

FIG. 15 1s a graph showing a method of determining a third
corrective operational amount by an SH correction process-
ing unit 57 shown 1n FIG. 8,

FIG. 16 1s a view showing a map to be used 1n a processing,
unit 80 shown 1n FIG. 8,

FIG. 17 1s a view showing a map to be used 1n a processing,
unit 81 shown 1n FIG. 8,

FIG. 18 1s a functional block diagram showing a control
processing function of an SI control processing unit shown in

FIG. 2,

FIG. 19 1s a view showing a map to be used 1n a processing,
unit 94 shown 1n FIG. 18,

FIG. 20 1s a view showing a map to be used 1n a processing,
unit 95 shown 1n FIG. 18,

FIG. 21 1s a view showing a map to be used 1n an accelera-

tion-and-deceleration correction processing unit 97 shown in
FIG. 18,

FIG. 22 1s a view showing a map to be used 1n a processing,
unit 98 shown 1n FIG. 18,

FIG. 23 1s a view showing a table to be used 1n a processing,
unit 99 shown 1n FIG. 18,

FI1G. 24 1s a view showing a map to be used 1n a processing,
unit 100 shown 1n FIG. 18,

FIG. 25 1s a view showing a map to be used 1n a processing,
unit 103 shown in FIG. 18,

FIG. 26 1s a graph showing a method of determining a
corrective operational amount by a retard correction process-
ing unit 101 shown 1n FIG. 18,

FIG. 27 1s a view showing a table to be used in an output
determination processing unit 43 of FI1G. 2,

FIG. 28 1s a view showing a table to be used 1n the output
determination processing unit 43 of FIG. 2,

FIG. 29 15 a graph illustrating the operation of an internal
combustion engine at the time of shifting from a compression
1gnition operation mode to a spark 1gnition operation mode,
and
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FIG. 30 1s a graph 1llustrating the operation of an internal
combustion engine at the time of shifting from a spark 1gni-
tion operation mode to a compression 1gnition operation
mode.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

One embodiment of the mvention will be explained with
reference to FIGS. 1 to 30. First, with reference to FIG. 1, an
overall system configuration of a controller of a homoge-
neous charge compression ignition engine of this embodi-
ment will be explained. FIG. 1 1s a view showing the outline
of the system configuration.

In FIG. 1, reference numeral 1 represents an internal com-
bustion engine, and reference numeral 2 represents a control-
ler. The internal combustion engine 1 1s an iternal combus-
tion engine which has a plurality of cylinders 3, for example,
a four-cylinder internal combustion engine. In addition, 1n
FIG. 1, only the schematic structure for one cylinder of the
internal combustion engine 1 1s typically shown.

The internal combustion engine 1 1s an internal combustion
engine which 1s operable 1n a compression 1gnition combus-
tion operation mode in which an air-fuel mixture within a
combustion chamber of each cylinder 3 1s compressed, and
the fuel of the air-fuel mixture 1s thereby seli-ignited and
combusted, and a spark 1gnition combustion operation mode
in which the fuel of the air-fuel mixture 1s 1gnited and com-
busted by spark 1gnition. In this embodiment, the internal
combustion engine 1 1s mounted on a vehicle (whose 1llus-
tration 1s omitted) as a driving force generating source of the
vehicle.

Each cylinder 3 1s formed 1n an engine base 4 composed of
a cylinder block, a cylinder head, etc. A piston 5 which 1s
reciprocable 1n the axial direction of the cylinder 3 1s accom-
modated within each cylinder 3, and an upper (cylinder-head-
side) space of the piston 5 1s formed as a combustion chamber
6. Each piston 5 1s connected with a crankshait 8 which 1s an
output shaft of the internal combustion engine 1 via a con-
necting rod 7, and the crankshaft 8 rotates with the recipro-
cation of the piston 5 of each cylinder 3.

The combustion chamber 6 of each cylinder 3 communi-
cates with an intake manifold 11 via an intake port 10 that 1s
opened and closed by an intake valve 9, and communicates
with an exhaust mamifold 14 via an exhaust port 13 that 1s
opened and closed by an exhaust valve 12. In this embodi-
ment, opening and closing of the intake valve 9 and the
exhaust valve 12 are driven via a valve drive mechanism
(whose 1illustration 1s omitted) having a cam shaft which
interlocks with the rotation of the crankshaft 8.

The intake manifold 11 corresponding to each cylinder 3
merges 1into an intake passage 15 common to all the cylinders
3. The intake passage 15 1s provided with an electrically-
operated throttle valve 16, and the intake air amount (air
supply amount) of the air to each cylinder 3 1s operated by
controlling the opening degree of the throttle valve 16.

The exhaust manifold 14 corresponding to each cylinder 3
merges 1nto an exhaust passage 24 common to all the cylin-
ders 3, and the exhaust gas generated in each cylinder 3 is
exhausted via a purilying catalyst (whose 1llustration 1s omit-
ted) provided in the exhaust passage 24.

Further, 1n the internal combustion engine 1, every cylinder
3 includes two fuel imjectors 17 and 18. In this embodiment,
a fuel supply system 1n the invention 1s constituted by the fuel
injectors 17 and 18. In this embodiment, the fuel to be com-
busted 1n the combustion chamber 6 of each cylinder 3 15 a
composite fuel composed of two kinds of fuels whose octane
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values differ from each other (and consequently, whose 1gni-
tion performances differ from each other), 1.e., a low-octane
fuel, and a high-octane tuel. Also, the fuel injector 17 1s a fuel
injector for a low-octane fuel, and the fuel injector 18 1s a tuel
injector for a high-octane fuel. In this case, the fuel mjector
17, which 1s a port-injection-type mjector, 1s mounted on the
intake manifold 11 so that a low-octane fuel 1s injected toward
the intake port 10 corresponding to each cylinder 3. Further,
the fuel injector 18, which 1s a direct-injection-type injector,
1s mounted on the engine base 4 (a portion of the cylinder
head) so that a high-octane fuel 1s directly injected to the
combustion chamber 6 of each cylinder 3.

A low-octane fuel and a high-octane fuel are respectively
pumped to the fuel injectors 17 and 18 from fuel tanks whose
illustration 1s omitted. Also, the fuel injectors 17 and 18 are
adapted to be able to control the injection times (the valve
opening times ol injection valves) of individual fuels, and
adapted to be able to adjust the supply amounts (supply
amount per one combustion cycle) ol individual kinds of fuels
to each cylinder 3 by the control of the injection time. Accord-
ingly, the fuel injectors 17 and 18 for every cylinder 3 are
adapted to be able to supply two kinds of fuels (a low-octane
tuel and a high-octane fuel) whose octane values differ from
cach other to the combustion chamber 6 of each cylinder 3 for
every cylinder 3 and for every kind of fuel, and are adapted to
be able to adjust the supply amounts of the two kinds of Tuels
for every cylinder 3 and for every kind of fuel. In addition, the
tuel injectors 17 and 18 are also able to control the fuel
injection timings of individual kinds of fuels.

Further, the internal combustion engine 1 includes an 1gni-
tion plug 30 for every cylinder 3. The 1gnition plug 30 1s
mounted on the engine base 4 (a portion of the cylinder head)
while its electrode 1s made to face the combustion chamber 6.

In the iternal combustion engine 1 constructed as
described above, 1n the compression 1gnition operation mode
(heremafiter referred to as “HCCI mode”), the two kinds of
tuels are supplied to the combustion chamber 6 of each cyl-
inder 3 by mjecting a low-octane fuel and a high-octane fuel
with required timing of each combustion cycle of each cylin-
der 3 from the respective tuel injectors 17 and 18 correspond-
ing to the cylinder 3. Then, an air-fuel mixture of a composite
tuel composed of the two kinds of tuels and the air charged
into the combustion chamber 6 1n an intake stroke of the
cylinder 3 1s compressed 1n a compression stroke of the cyl-
inder 3. By the compression, the air-fuel mixture 1s elevated in
temperature, and consequently, self-ignition and combustion
of a composite fuel 1s performed. In addition, 1n the HCCI
mode, the air-fuel ratio of the air-fuel mixture of each cylinder
3 15 an air-fuel ratio which becomes leaner than a theoretical
air-fuel ratio.

Further, in the spark ignition operation mode (hereinafter
referred to as “SI mode™), the air-fuel mixture 1n the combus-
tion chamber 6 of each cylinder 3 1s compressed in the com-
pression stroke of the cylinder 3 similarly to the above. Then,
the fuel (composite fuel) of the compressed air-tuel mixture 1s
1gnited and combusted by an 1gnition spark emitted from the
1gnition plug 30. In addition, 1n the SI mode, the air-fuel ratio
of the air-fuel mixture of each cylinder 3 1s an air-fuel ratio
near a theoretical air-fuel ratio.

Additionally, the 1ignition performance of a low-octane fuel
1s higher than that of a high-octane fuel. Thus, by increasing
the ratio of the supply amount (injection amount) of a low-
octane fuel to the total amount of both the fuels to be supplied
to each cylinder 3, the 1gnition performance of the fuel (com-
posite fuel) of the air-fuel mixture 1n the cylinder 3 will be
enhanced. Further, the 1gnition performance of a high-octane
tuel 1s lower than that of a low-octane fuel. Thus, by increas-
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ing the ratio of the supply amount (injection amount) of a
high-octane fuel to the total amount of both the fuels to be
supplied to each cylinder 3, the 1gnition performance of the
tuel (composite fuel) of the air-fuel mixture 1n the cylinder 3
will be degraded. Accordingly, at the time of the operation of
the internal combustion engine 1 in the HCCI mode, 1t 1s
possible to adjust the ratio of the supply amount of a high-
octane fuel and the supply amount of a low-octane fuel to the
combustion chamber 6 of each cylinder 3, thereby adjusting
the combustion timing of the air-fuel mixture in the cylinder
3 for every cylinder 3.

In addition, in this embodiment, ethanol 1s used as a high-
octane fuel. Further, in this embodiment, gasoline or diethyl-
cther 1s used as a low-octane fuel.

Further, 1n addition to the aforementioned components, the
internal combustion engine 1 includes a crank angle sensor 19
which outputs a pulse signal according to the angle of rotation
of the crankshatt 8, an intake pressure sensor 20 which detects
the 1ntake pressure PBA (absolute pressure) of the internal
combustion engine 1, an 1on current sensor 21 which detects
an 1on current which flows at the time of the combustion of an
air-fuel mixture 1n the combustion chamber 6 of each cylinder
3, and an air-fuel ratio sensor 31 which detects the air-fuel
ratio of the air-fuel mixture combusted 1n each cylinder 3.

The crank angle sensor 19 1s a sensor which outputs a pulse
signal to the controller 2 whenever the crankshait 8 rotates at
every predetermined angle. The pulse signal 1s used in the
controller 2 1n order to detect the angle of rotation (the angle
of rotation from a certain reference position, which 1s here-
inafter referred to as “crank angle”) of the crankshait 8, or the
rotational frequency (rotational speed) of the crankshait 8.

The 1ntake pressure sensor 20 1s mounted on the intake
passage 15 on the downstream side (near a merging place of
the intake manifold 11) of the throttle valve 16, and detects
the pressure PBA (absolute pressure) within the intake pas-
sage 15 1n the place as the intake pressure of the internal
combustion engine 1 to output the detection signal to the
controller 2.

Additionally, the intake pressure PBA detected by the
intake pressure sensor 20 has a meaning as an intake state
quantity (a state quantity which specifies the air supply
amount to the combustion chamber 6 of each cylinder 3 ) 1n the
invention. Accordingly, the intake pressure sensor 20 func-
tions as an 1intake state quantity detecting means in the inven-
tion. In addition, 1nstead of the intake pressure sensor 20, an
air flow sensor may be used, and an air flow rate detected by
the air flow sensor may be used as the intake state quantity.

The 1on current sensor 21 1s provided for every cylinder 3,
and 1s composed of a conductive probe 22 whose tip 1s made
to protrude 1nto the combustion chamber 6 of each cylinder 3
in a state where 1t 1s electrically insulated from the engine
base 4, and a s1ignal generating unit 23 connected to the probe
22. In this embodiment, the probe 22 is provided integrally
with the 1gnition plug 30. Also, the signal generating unit 23
1s adapted to output a voltage signal Vion according to a
current tlowing to the probe 22 by the 10ns generated at the
time of the combustion of an air-fuel mixture 1n the combus-
tion chamber 6 of each cylinder 3, to the controller 2 as a
detection signal of an 10n current. In addition, the electrode of
the 1gnition plug 30 may be used instead of the probe 22.

Here, the waveform of an 1on current detected by the 10n
current sensor 21 at the time of the combustion of an air-fuel
mixture 1 the combustion chamber 6 of each cylinder 3
becomes a wavetorm which has a peak (maximum value) at a
certain crank angle, and the crank angle (hereinafter referred
to as “1on current peak crank angle CA_1onmax”) in the peak
has the specified correlativity with the actual combustion
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timing of the air-fuel mixture. That 1s, a linear relationship 1s
established between the crank angle at which a heat genera-
tion rate at the time of the combustion of an air-fuel mixture
(generated amount of heat per unit crank angle) becomes the
greatest, and the 10n current peak crank angle CA_ionmax.
Thus, 1n this embodiment, the ion current peak crank angle
CA_1onmax at which the 1on current detected by the 1on
current sensor 21 has a maximum value 1s used an index
showing actual combustion timing. Also, the output of the 1on
current sensor 21 1s used 1n the controller 2 in order to detect
the above 10n current peak crank angle CA_ionmax.

Additionally, what can be used as an index showing com-
bustion timing 1s not limited to the 10on current peak crank
angle CA_ionmax. For example, a crank angle or timing
when the crank angle exceeds a predetermined value, a crank
angle or timing when the pressure (cylinder pressure) within
the cylinder 3 has a peak value, or a crank angle or timing
when the cylinder pressure exceeds a predetermined value
may be used as the index showing combustion timing. Fur-
ther, the combustion timing can also be estimated using laser,
for example.

The air-fuel ratio sensor 31 1s mounted on the exhaust
passage 24 near a merging place of the exhaust manifold 14
for every cylinder 3 of the internal combustion engine 1. The
air-fuel ratio sensor 31 senses the oxygen concentration 1n an
exhaust gas, and outputs a detection signal according to an
air-fuel ratio A/F (this corresponds to the air-tfuel ratio of an
air-fuel mixture combusted 1n the combustion chamber 6 of
cach cylinder 3) expressed by the oxygen concentration. In
this embodiment, the air-fuel ratio sensor 31, which 1s a
so-called wide-area air-fuel ratio sensor, has output charac-
teristics that are almost linear with respect to a change in
air-tuel ratio.

The controller 2 1s an electronic circuit unit including a
CPU, aRAM, a ROM, etc. As well as the outputs of the crank
angle sensor 19, the intake pressure sensor 20, the 10n current
sensor 21, and the air-fuel ratio sensor 31 are input to the
controller 2, the output of the accelerator sensor 32 which
detects the operational amount AP (stepping amount) of an
accelerator pedal (whose illustration 1s omitted) of a vehicle
on which the internal combustion engine 1 1s mounted 1s input
to the controller. Further, detection signals, such as the engine
temperature (cooling water temperature or o1l temperature) of
the internal combustion engine 1, intake-air temperature (the
temperature of air mtroduced into the intake passage 15),
atmospheric pressure, are input to the controller from various
sensors whose 1llustration are omitted.

FIG. 2 1s a block diagram showing a schematic configura-
tion of the controller 2. As shown 1n this drawing, the con-
troller 2 has an 1nterface circuit 33, an arithmetic processing
unit 34, and a driver circuit 35.

The output of each sensor, such as the above crank angle
sensor 19, 1s taken 1into the controller 2 via the interface circuit
(I'F circuit) 33, and 1s specified to the arithmetic processing,
unit 34.

The arithmetic processing unit 34 1s constituted by a micro-
computer having a CPU, a RAM, and a ROM, and determines
an operational amount (control amount input) which specifies
the operation (operations relating on fuel 1njection amount
and fuel mjection timing) of the fuel injectors 17 and 18 for
every cylinder 3, the operation (operations relating on the
occurrence timing of spark discharge and current application
amount) of the 1ignition plug 30, and the operation (an opera-
tion relating to the opening degree of the throttle valve 16) of
the throttle valve 16, on the basis of mput data from the
interface circuit 33, and programs and reference data (maps,
tables, etc.) which are stored and held 1n advance 1n the ROM.
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Also, the controller 2 1s adapted to control the operation of
cach of the fuel injectors 17 and 18, operation of the 1gnition
plug 30, and the operation of the throttle valve 16 via the
driver circuit 35 depending on 1ts operational amount. In
addition, practically, the driver circuit 35 of FIG. 2 1s com-
posed of a plurality of driver circuits corresponding to each of
the fuel mjectors 17 and 18, each spark plug 30, and the
throttle valve 16.

The arithmetic processing unit 34 includes an operation
mode determimng unit 40, an HCCI control processing unit
41, an SI control processing unit 42, an output determination
processing unit 43, and a throttle control processing unit 44,
as main processing functions realized by programs, etc.

The operation mode determining unit 40 executes the pro-
cessing which determines the operation mode of the internal
combustion engine 1 according to the operation state of the
internal combustion engine 1. Here, 1n this embodiment, the
operation mode of the internal combustion engine 1 to be
determined by the operation mode determining unit 40 will be
explained below in detail. However, the operation mode has a
first intermediate mode that 1s temporarily interposed
between these operation modes at the time of shifting from
the HCCI mode to the SI mode, and a second intermediate
mode that 1s temporarily interposed between these operation
modes at the time of shifting from the SI mode to the HCCI
mode, 1n addition to the HCCI mode and the SI mode.

The HCCI control processing unit 41 executes the process-
ing which determines an operational amount (control 1nput)
tor an HCCI mode which 1s an operational amount (control
input) 1n a case where the mternal combustion engine 1 1s
operated 1n the HCCI mode according to the operation state of
the internal combustion engine 1, etc. The operational amount
for an HCCI mode 1s composed of a plurality of operational
amount which specifies the operation of each of the fuel
injectors 17 and 18.

The SI control processing unit 42 executes the processing,
which determines an operational amount (control input) for
an SI mode which 1s an operational amount (control input) 1n
a case where the internal combustion engine 1 1s operated 1n
the SI mode according to the operation state of the internal
combustion engine 1, etc. The operational amount for an SI
mode 1s composed of a plurality of operational amount which
specifies the operations of the fuel injectors 17 and 18 and the
operation of the ignition plug 30 for every cylinder 3.

The output determination processing unit 43 executes the
processing which determines a controlling operational
amount to be used 1n order to actually control the operation of
the internal combustion engine 1, on the basis of the opera-
tional amount for an HCCI mode determined 1n the HCCI
control processing unmit 41, the operational amount for an SI
mode determined 1n the SI control processing unit 42, and the
operation mode determined 1n the operation mode determin-
ing unit 40. The controlling operational amount 1s composed
of a plurality of operational amounts which specily the opera-
tions of the fuel injectors 17 and 18, and the operation of the
ignition plug 30. In this embodiment, the output determina-
tion processing unit 43 determines the operational amount for
an HCCI mode as the controlling operational amount as it 1s
when the operation mode 1s the HCCI mode, and determines
the operational amount for an SI mode as the controlling
operational amount when the operation mode 1s the SI mode.
Further, the output determination processing unmt 43 deter-
mines the controlling operational amount from the opera-
tional amount for an HCCI mode and the operational amount
for an SI mode when the operation mode 1s the first interme-
diate mode or the second intermediate mode.
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The throttle control processing unit 44 executes the pro-
cessing which determines a controlling operational amount to
be used 1n order to control the operation of the throttle valve
16, according to the operation mode determined in the opera-
tion mode determining unit 40, and the operation state of the
internal combustion engine 1.

Accordingly, the controller 2 controls the operation the fuel
injectors 17 and 18 and the operation of the 1gnition plug 30
for every cylinder 3, depending on the controlling operational
amount determined in the output determination processing
unit 43. Moreover, the controller 2 controls the operation of
the throttle valve 16 depending on the controlling operational
amount determined 1n the throttle control processing unit 44.

In addition, the arithmetic processing unit 34 of the con-
troller 2 also executes the processing which sequentially
detects the crank angle on the basis of the output (pulse
signal) of the crank angle sensor 19 and the processing which
detects the rotational frequency NE of the crankshait 8, for the
control processing thereof. Further, the arithmetic processing
unmit 34 also executes the processing which detects the 1on
current peak crank angle CA_1onmax for every cylinder 3 on
the basis of the detected crank angle and the output of the 10n
current sensor 21. In this case, CA_ionmax have only to be
detected by the following processing. That 1s, at the time of
the combustion of an air-fuel mixture 1n each cylinder 3, the
arithmetic processing unit sequentially fetches and time-se-
rially stores and holds a set of values of the crank angle
detected from the output of the crank angle sensor 19 and
values of the 10n current detected from the output of the 1on
current sensor 21. Then, the 10n current peak crank angle
CA_1onmax 1s detected from the time-serial values.

Moreover, the arithmetic processing unit 34 also executes
the processing which determines a target torque Td which 1s
a target value of an output torque of the mternal combustion
engine 1 on the basis of the output of the accelerator sensor
32, etc. In addition, the target torque Td has a meaning as an
index showing the load of the internal combustion engine 1.

Next, the control processing function of the arithmetic
processing unit 34 of the controller 2 will be explained in
detail with reference to FIGS. 3 to 28.

FIG. 3 1s a view for explaining a method of determining the
operation mode by the operation mode determining unit 40.
The rotational frequency NE (latest value) of the internal
combustion engine 1 detected 1n the controller 2 and the target
torque Td (latest value) determined in the controller 2 are
sequentially input to the operation mode determining unit 40
as mdexes showing the operation state of the internal com-
bustion engine 1. Then, the operation mode determining unit
40 determines the operation mode according to the set of the
rotational frequency NE and the target torque Td.

With reference to FI1G. 3, 1in this embodiment, the operation
of the internal combustion engine 1 1s performed 1n a state
where the set of the rotational frequency NE (detection value)
and target torque Td of the internal combustion engine 1 exist
within an outer frame A 1n the drawing. Also, the operation
mode determining unit 40 basically determines the operation
mode as the HCCI mode (this 1s defined as mode=0 1n FI1G. 3),
in the operation state of the internal combustion engine 1
where the set of the rotational frequency NE and the target
torque Td exist within a region B set to a portion surrounded
by an upper boundary line a, a lower boundary line b, and the
outer frame A, within the outer frame A. The region A 1s an
example of aregion that 1s experimentally set 1n advance so as
to satisly such conditions that the self-ignition and combus-
tion by the compression of an air-fuel mixture of the combus-
tion chamber 6 of each cylinder 3 can be stably performed, an
excessive combustion noise 1s not generated, the amount of
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nitrogen oxides (NO, ) in an exhaust gas becomes suificiently
small, or the like, 1n a case where the internal combustion
engine 1 1s operated 1n the HCCI mode. In this case, the
boundary lines a and b 1indicate a limit on the side of a high
load (the side where the target torque Td becomes a high
torque), and a limit on the side of a low load (the side where
the target torque Td becomes a low torque), respectively, in a
case where the rotational frequency NE is kept constant at the
time of the operation 1n the HCCI mode.

Also, the operation mode determining unit 40 basically
determines the operation mode as the SI mode (this 1s defined
as mode=2 1n FIG. 3), 1n the operation state of the internal
combustion engine 1 where the set of the rotational frequency
NE and the target torque Td exist within a region C within the
outer frame A, outside the region B.

However, when the set of the rotational frequency NE and
the target torque Td has changed from the region B to the
region C, the operation mode determiming unit 40 temporarily
determines the operation mode as the first intermediate mode

(this 1s defined as mode=1 1n F1G. 3), and makes the operation
mode transit from the HCCI mode to the SI mode via the first
intermediate mode. Further, when the set of the rotational
frequency NE and the target torque Td has changed from the
region C to the region B contrary to the above, the operation
mode determining unit 40 temporarily determines the opera-
tion mode as the second intermediate mode (this 1s defined as
mode=3 1n FIG. 3), and makes the operation mode transit
from the SI mode to the HCCI mode via the second interme-
diate mode.

In addition, in this embodiment the operation mode deter-
mimng unit 40 performs switching of the operation mode
from the first intermediate mode to the SI mode or switching
of the operation mode from the second intermediate mode to
the HCCI mode when a difference between a target intake
pressure determined in the throttle control processing unit 44
which will be explained below 1n detail, and the intake pres-
sure PBA detected 1n the intake pressure sensor 20 becomes
below a predetermined setting value (when the difference
becomes about 0), i the first intermediate mode and the
second intermediate mode.

This means that the operation mode 1s switched from each
intermediate mode to the SI mode or HCCI mode, 1n a state
where an actual intake air amount (air supply amount) to the
combustion chamber 6 of each cylinder 3 almost coincides
with a targeted intake air amount when the operation of the
internal combustion engine 1 1n the SI mode or HCCI mode
which 1s an operation mode subsequent to each intermediate
mode.

However, the timing with which the switching of the opera-
tion mode from the first intermediate mode to the SI mode, or
the switching of the operation mode from the second inter-
mediate mode to the HCCI mode can also be determined on
the basis of the output of the 1on current sensor 21, and the
output of the sensor (cylinder pressure sensor) which detects
the pressure within the combustion chamber 6 of each cylin-
der 3.

Additionally, 1t 1s desirable the region B 1s set to a region
having a margin with respect to an actual limit 1n which the
operation of the internal combustion engine 1 1n the HCCI
mode can be stably performed, in other words, a region in
which the operation of the internal combustion engine 1 1n the
HCCI mode can be stably performed even if 1t slightly devi-
ating from the region. Further, at the time of the operation of
the mternal combustion engine 1 near the boundary of the
region B, hysteresis characteristics may be specified to the
boundary lines a and b of the region B in order to prevent the
operation mode from being frequently switched. Otherwise,
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when the operation mode has been switched, the switching of
the operation mode may be prohibited during a certain speci-
fied time. Otherwise, the target torque Td may not be rapidly
changed by making the target torque Td follow a required

torque according to the stepping amount of the accelerator
pedal with a delay.

FIG. 4 1s a functional block diagram showing the control
processing function of the throttle control processing unit 44.
The control processing of the throttle control processing unit
44 1s sequentially executed at a predetermined angle of rota-
tion of the crankshaift 8. The detection value (latest value) of
the rotational frequency NE of the internal combustion engine
1, the target torque Td (latest value), the intake pressure PBA
(latest value) detected 1n the intake pressure sensor 20, and the
operation mode determined 1n the operation mode determin-
ing unit 40 are sequentially mput to the throttle control pro-
cessing unit 44.

Also, the throttle control processing unit 44 first deter-
mines a first target intake pressure PBA_obj which 1s the
target value of the 1intake pressure of the internal combustion
engine 1, by a processing unit 83, from the mput NE and Td
(these are indexes showing the operation state of the internal
combustion engine 1). In this case, the processing unit 83
selects a map illustrated in FIG. 5 or 6 according to the input
operation mode, and determines PBA_obj, from the input NE
and Td (in other words, according to the current operation
state of the internal combustion engine 1) on the basis of the
selected map.

In this case, the processing unit 83 uses the map of FIG. 5
in a case where the input operation mode 1s the HCCI mode or
the second intermediate mode, or uses the map of FIG. 6 in a
case where the mnput operation mode 1s the ST mode or the first
intermediate mode. The map of FIG. 5 1s a map which 1s
experimentally set so that the operation state of the internal
combustion engine 1 becomes an optimal operation state
(such an operation state that the combustion of an air-fuel
mixture 1n each cylinder 3 1s performed with high stability
and at high efficiency), 1n a normal operation state where the
rotational frequency NE or the like becomes constant, 1n a
case where the internal combustion engine 1 1n the HCCI
mode 1s operated. Further, the map of FIG. 6 1s a map which
1s experimentally set so that the operation state of the internal
combustion engine 1 becomes an optimal operation state, 1n
the normal operation state, 1n a case where the internal com-
bustion engine 1 1n the SI mode 1s operated.

In addition, these maps are set so that the target intake
pressure PBA_obj that 1s determined when the current opera-
tion state (a set of the mput NE and Td) of the internal
combustion engine 1 1s an operation state corresponding to
the HCCI mode or an operation state (operation state near the
boundary lines a and b of the FIG. 3) corresponding to the
boundary between the HCCI mode and the SI mode becomes
a higher intake pressure (in other words, so that the intake air
amount (air supply amount) to the combustion chamber 6 of
cach cylinder 3 becomes larger) in a case where the map of
FIG. 5§ 1s used (a case where the operation mode 1s the HCCI
mode or the second intermediate mode) than a case where the
map of FIG. 6 1s used (a case where the operation mode 1s SI
mode or the first intermediate mode). For this reason, when
the operation mode has been switched from the HCCI mode
to the first intermediate mode, the target intake pressure
PBA_obj becomes small (this means that a targeted intake air
amount 1s reduced), and when the operation mode has been
switched from the SI mode to the second intermediate mode,
the target intake pressure PBA_obj becomes large (this means
that a targeted intake air amount 1s increased).
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Additionally, the maps of FIGS. 5 and 6 are examples, and
those maps generally vary depending on the kinds of a low-
octane fuel and a high-octane fuel, the specification of the
internal combustion engine 1, etc.

Further, the target intake pressure PBA_obj determined on
the basis of the map of FIG. 5 and the target intake pressure
PBA _objdetermined on the basis of the map of FIG. 6 respec-
tively correspond to the first target value and second target
value of the intake state quantity in the mvention. Accord-
ingly, the processing unit 83 has a function as the first target
intake state quantity determining means and second target
intake state quantity determinming means in the invention.

The throttle-valve control processing unit 44 further deter-
mines a basic opening degree TH_obj_map which 1s a basic
value of the openming degree of the throttle valve 16, by a
processing unit 84, from the detection value of the input
rotational frequency NE, and the target intake pressure
PBA_obj determined as described above. In this case, the
processing unit 84 determines the TH_obj_map on the basis
of a map set 1n advance as illustrated 1n FI1G. 7, from the mnput
NE and PBA_objy. In thus map, the basic opening degree
TH_obj_map 1s determined to be a large value as the rota-
tional frequency NE becomes higher or as the target air pres-
sure PBA_obj becomes larger.

The map of the above processing unit 84 1s experimentally
set so that the actual mtake pressure PBA detected by the
intake pressure sensor 20 coincide with the target intake pres-
sure PBA_obj in a normal operation state where the rotational
frequency NE and target intake pressure PBA_obj are kept
constant.

Further, the throttle control processing unit 44 calculates a
deviation APBA (=PBA_obj-PBA) between the target intake
pressure PBA_obj determined 1n the processing unit 83 and
the detection value of the mput intake pressure PBA, by an
arithmetic unit 85. Also, the throttle control processing unit
44 calculates a feedback request operational amount dTH for
bringing the deviation APBA close to “0”, by an F/B arith-
metic unit 86, from the deviation APBA. The feedback
request operational amount dTH 1s a corrective operational
amount for correcting the basic opening degree TH_obj_map
so that the deviation APBA 1s brought close to “0”. In this
case, the F/B arithmetic unit 86 calculates the feedback
request operational amount dTH from deviation APBA by
teedback control rules, such as a proportion rule and a PID
rule.

Next, the throttle control processing unit 44 adds the feed-
back request operational amount dTH obtained in the F/B
arithmetic unit 86 to the basic opening degree TH_obj_map
determined 1n the processing unit 84, by the arithmetic unit
87, thereby determining a target opening degree TH_objy of
the throttle valve 16.

In addition, the target opening degree TH_oby 1s output to
an actuator (whose illustration 1s omitted) of the throttle valve
16 via the driver circuit 35. Then, the actual opening degree of
the throttle valve 16 1s controlled to the target opening degree
TH_obj by the actuator.

By the processing of the throttle control processing unit 44
described above, the response delay of an intake pressure
according to the opening degree operation of the throttle
valve 16 1s compensated, and the target opening degree
TH_obj ofthe throttle valve 16 1s determined so that the actual
intake pressure PBA of the internal combustion engine 1
becomes the target intake pressure PBA_obj suitable for the
operation (operation 1n the HCCI mode or SI mode) of the
internal combustion engine 1. Furthermore, the target open-
ing degree TH_oby of the throttle valve 16 1s determined so
that the intake air amount (air supply amount) to the combus-
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tion chamber 6 of each cylinder 3 of the internal combustion
engine 1 becomes a target value equivalent to the target intake
pressure PBA_obj. In this case, the map to be used 1n the
processing unit 83 1s set as described above, and the opening
degree or intake air amount of the throttle valve 16 do not
change instantaneously. Thus, when the operation mode has
been switched from the HCCI mode to the first intermediate
mode, the mtake air amount (air supply amount) to the com-
bustion chamber 6 of each cylinder 3 decreases gradually.
Further, when the operation mode has been switched from the
SI mode to the second intermediate mode, the intake air
amount (air supply amount) to the combustion chamber 6 of
cach cylinder 3 increases gradually.

These are the details of the control processing of the
throttle control processing unit 44. Additionally, this throttle
control processing unit 44 constitutes the intake-air control-
ling means 1n the mvention, 1n conjunction with the intake
pressure sensor 20.

FIG. 8 1s a functional block diagram showing the control
processing function of the HCCI control processing unit 41.
Referring to this drawing, in this embodiment, the HCCI
control processing unit 41 1s constituted by a fuel 1njection
time control processing unit 50 which determines respective
tuel injection times Ti1_Loh and T1_Hih of the fuel injector 17
for alow-octane fuel and the fuel injector 18 for a high-octane
tuel for every cylinder 3, and a fuel injection timing control
processing unit 51 which determine respective fuel injection
timings CA_1inj_Loh and CA_inj_Hih of the fuel injector 17
for a low-octane tuel and the fuel injector 18 for a high-octane
tuel for every cylinder 3. In addition, although the fuel injec-
tion time control processing unit 50 and the fuel imjection
timing control processing unit 51 are separately provided for
every cylinder 3, only those relating to one cylinder 3 are
typically shown 1n FIG. 3.

Here, the fuel mjection times Ti_Loh and Ti_Hih have a
meaning as operational amounts (control inputs) which
specily the supply amounts (1injection amounts) of two kinds
of fuels to the combustion chamber 6 of each cylinder 3 by the
tuel injectors 17 and 18 for every cylinder 3 1n a case where
the operation of the internal combustion engine 1 1s per-
formed 1n the HCCI mode. Here, the fuel injection timings
CA_1nj_Loh and CA_inj_Hih (these are timings at a crank
angle) have a meaning as operational amounts (control
inputs) which specity the supply timings (injection timings)
of two kinds of fuels to the combustion chamber 6 of each
cylinder 3 by the fuel injectors 17 and 18 for every cylinder 3
in a case where the operation of the internal combustion
engine 1 1s performed in the HCCI mode. The operational
amount for an HCCI mode determined 1n the HCCI control
processing unit 41 1s an operational amount group composed
of the fuel mjection times Ti_Loh and Ti_Hih and the fuel
injection timings CA_inj_Loh and CA_inj_Hih, and has a
meaning as an operational amount which specifies the opera-
tions of the fuel injectors 17 and 18 for every cylinder 3.

In addition, the fuel supply amount (1njection amount) may
be determined instead of the fuel injection times T1_Loh and
T1_Hih. Further, the fuel injection timings CA_inj_Loh and
CA_1nj_Hih are not necessarily determined 1n the dimension
of the crank angle, and may be determined 1in the dimension of
a time (time 1nstant).

Additionally, the HCCI control processing unit 41 has a
function as a control processing means for a compression
1gnition operation mode in the invention.

The control processing of the fuel 1injection time control
processing umt 50 for every cylinder 3 i1s performed as fol-
lows with predetermined timing synchronized with the com-
bustion cycle (two rotations of the crankshatt 8) of the cylin-
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der 3 corresponding to the fuel injection time control
processing umt 50. In addition, from now on, attention will
now be paid to one arbitrary cylinder 3 among a plurality of
cylinders 3 which the internal combustion engine 1 has, and
the cylinder 3 will be denoted using reference numeral 3x.
Also, the subsequent explanation of the HCCI control pro-
cessing units 41 1s an explanation relating to the one arbitrary
cylinder 3x to which attention 1s paid unless particularly

denied. This 1s the same even 1n the explanation of the SI
control processing unit 42 which will be made below.

The fuel injection time control processing unit 30 includes
a processing unit 53 which determines a basic injection time
T1_Hi_maph of a high-octane fuel, a processing unit 54 which
determines a basic injection time Ti_Lo_maph of a low-
octane fuel, an 10on current F/B processing umt 55 which
determines first corrective operation amounts K_ion_Hih and
K_1on_Loh, second corrective operation amounts K_acc_
Hih and K_acc_Loh, third corrective operation amounts
K_SH_Hih and K_SH_Ioh, and fourth corrective operation
amounts Kx_Hih and Kx_Loh for correcting the basic injec-
tion times Ti_Hi_maph and Ti_Lo_maph, respectively, an
acceleration-and-deceleration correction processing unit 56,
an SH correction processing unit 57, and an additional cor-
rection processing unit 58.

Also, the fuel mjection time control processing umt 50
corrects the basic injection time T1_Hi_maph of a igh-octane
tuel by the respective corrective operation amounts K

ion_Hih, K_acc_Hih, K_SH_Hih, and Kx_Hih correspond-
ing to a high-octane fuel, thereby determining a fuel injection
time T1_Hih for every combustion cycle of the cylinder 3x. In
this case, in this embodiment, the correction of the basic
injection time Ti_Hi_maph 1s performed by multiplying
T1_Hi_maph by K_1on_Hih, K_acc_Hih, K _SH_Hih, and
Kx_Hih. Similarly, the fuel injection time control processing
unit S0 corrects the basic ijection time Ti_Lo_maph of a
low-octane fuel by the respective corrective operation
amounts K_1on_[.oh, K acc L.oh, K_SH I.oh, and Kx [.oh
corresponding to a low-octane fuel, thereby determining a
tuel imjection time T1_Loh for every combustion cycle of the
cylinder 3x. In this case, 1n this embodiment, the correction of
the basic injection time T1_Lo_maph 1s performed by multi-
plying " K 1on L.oh, K acc Loh,

I1n_Lo_maph by
K SH_Loh, and Kx [.oh.

In addition, each of the corrective operation amounts
K 1on_Hih, K acc Hih, K _SH Hih, and Kx Hih corre-
sponding to a high-octane fuel functions to increase the fuel
injection time Ti_Hih of a high-octane fuel more than the
basic mjection time Ti_Hi_maph (and thus further increase
the supply amount of a high-octane fuel to the cylinder 3x)
when the value thereof 1s larger than “1”. On the contrary,
cach of the corrective operation amounts K_1on_Hih, K_
acc_Hih, K_SH_Hih, and Kx_Hih function to the fuel injec-
tion time T1_Hih of a high-octane fuel less than the basic
injection time Ti1_Hi_maph (and thus further decrease the
supply amount of a high-octane fuel to the cylinder 3x) when
the value thereof 1s smaller than “1”. Sitmilarly, each of the
corrective operation amounts K_ion_Loh, K_acc_Loh,
K_SH_Ioh, and Kx_I.oh corresponding to a low-octane fuel
functions to increase the fuel imjection time Ti_Loh of a
low-octane fuel more than the basic injection time Ti_
Lo_maph (and thus further increase the supply amount of a
low-octane fuel to the cylinder 3x) when the value thereof 1s
larger than “1””. On the contrary, each of the corrective opera-
tion amounts K 1on L.oh, K acc L.oh, K SH I.oh, and
Kx_Loh function to the fuel injection time Ti_Loh of a low-
octane fuel less than the basic imjection time Ti_Lo_maph
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(and thus further decrease the supply amount of a low-octane
tuel to the cylinder 3x) when the value thereot 1s smaller than
“17.

Hereinatter, the processing of the processing units 53-58
will be concretely explained. First, the basic injection times
T1_Hi_maph and Ti_Lo_maph which are determined 1n the
processing units 53 and 54, respectively, are basic operational
amounts which specily the supply amounts (1njection
amounts) of fuels to the cylinder 3x 1n a normal operation
state (normal operation state 1n the HCCI mode) where the
operation state of the internal combustion engine 1, such as
the rotational frequency NE or the target torque Td, 1s kept
constant. In this embodiment, the basic mjection times T1_
Hi_maph and Ti_Lo_maph are feed-forward operational
amounts that are obtained by maps set 1n advance from the
rotational frequency NE and the target torque Td representing
the operation state of the internal combustion engine 1 1n the
HCCI mode.

More specifically, the detection value (latest value) of the
rotational frequency NE of the internal combustion engine 1
and the target torque Td (latest value) are mput to the pro-
cessing units 53 and 34, respectively. Also, the processing
units 53 and 54 determine the basic injection times Ti_
Hi_maph and T1_Lo_maph from the rotational frequency NE
and the target torque Td which are imput, respectively, on the
basis of the maps set 1n advance as shown 1n FIGS. 9 and 10.
These maps are those which are experimentally set so that the
operation state of the internal combustion engine 1 becomes
an optimal operation state, 1n a normal operation state (more
exactly a normal operation state in a case where operational
environmental conditions, such as the engine temperature of
the internal combustion engine 1, and intake temperature, and
atmospheric pressure, are certain fixed standard conditions)
where the rotational frequency NE and the target torque Td
are kept constant. In this embodiment, these maps are the
same 1n all the cylinders 3. However, these maps may be
separately provided for every cylinder 3. In addition, the maps
of FIGS. 9 and 10 are examples, and those maps generally
vary depending on the kinds of a low-octane fuel and a high-
octane fuel, the specification of the internal combustion
engine 1, etc.

The first corrective operation amounts K_ion_Hih and
K_1on_Loh which are determined in the 10n current F/B pro-
cessing unit 35 are feedback operational amounts for adjust-
ing the ratio of the supply amount of a low-octane fuel and the
supply amount of a high-octane fuel to the cylinder 3x so that
the combustion timing of an air-fuel mixture 1n the cylinder 3x
1s made to coimncide with a required target value. In this
embodiment, 1n the processing of the 10n current F/B process-
ing umt 53, the first corrective operation amounts K_1on_Hih
and K_ion_Loh are determined so that the 1on current peak
crank angle CA_i1onmax inthe cylinder 3x1s made to coincide
with a target value (hereinafter referred to as “‘target 1on
current peak crank angle CA_ionmax_obj”") corresponding to
a targeted combustion timing (so that the deviation between
CA_1onmax_obj and CA_ionmax 1s brought close to 0). In
this case, the first corrective operation amounts K_1on_Hih
and K_1on_ILoh are determined by the correction of the basic
injection times Ti_Hi_maph and Ti_Lo_maph according
thereto so that the gross calorific value of the high-octane and
low-octane fuels (fuels mjected by the cylinder 3x) do not
change.

FIG. 11 1s a functional block diagram showing the concrete
processing function of the ion current F/B processing unit 535.
The detection value (latest value) of the rotational frequency
NE of the internal combustion engine 1, the target torque Td
(latest value), and the detection value (latest value) of the 1on
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current peak crank angle CA_ionmax are mput to the 1on
current F/B processing unit 55. In addition, the 10n current
peak crank angle CA_1onmax 1s detected by the controller 2
from the detection value of a crank angle, and the output of the
1on current sensor 21 as described above. Also, the 10n current
F/B processing unit 55 first determines the target 10n current
peak crank angle CA_ionmax_obj by a target 1on current
determining unit 59 from the mput rotational frequency NE
and target torque Td. In this case, the target 10n current deter-
mimng unit 39 determines CA_1onmax_obj from the input
NE and Td, on the basis of a map set 1n advance as illustrated
in, for example FIG. 12. Similarly to the maps of FIGS. 9 and
10, this map 1s experimentally set so that the optimal opera-
tion of the internal combustion engine 1 1s performed, 1n a
normal operation state where the rotational frequency NE and
the target torque Td are kept constant. Although this map 1s
the same 1n all the cylinders 3, 1t may be separately prowded
for every cylinder 3. In addltlon determining CA_1onmax_
obj 1s substantially equivalent to determining the target value
of the combustion timing. Further, the map of FIG. 12 1s an
example, and this map generally varies depending on the
kinds of a low-octane fuel and a high-octane fuel, the speci-
fication of the internal combustion engine 1, etc.

Next, the 1on current F/B processing unit 55 calculates the
deviation ACA_1onmax (=CA_ionmax_obj—-CA_ionmax)
between CA_ionmax_obj which 1s determined as described
above, and the detection value of the input 1on current peak
crank angle CA_1onmax is calculated by an anthmetic unit
60. Moreover, the 1on current F/B processing unit 35 calcu-
lates a feedback request operational amount K_1on for bring-
ing the deviation ACA_ionmax close to “0”, by an F/B arith-
metic unit 61, from the deviation ACA_1onmax. In this case,
in this embodiment, for example, a proportion rule 1s used as
a feedback control rule for obtaining K_1on. That 1s, the F/B
arithmetic unit 61 multiplies ACA_ionmax by a predeter-
mined gain (proportional gain), and adds the result by “17,
thereby obtaining K_ion. In addition, adding “1” to the result
obtained by multiplying ACA_1onmax by a predetermined
gain (proportional gain) 1s performed 1n order to set the value
of K _1on to “1” when ACA_1onmax 1s “0.” Further, the feed-
back control rule 1s not limited to the proportion rule, and may
other control rules, such as a PID rule, may be used.

In this embodiment, one of the first corrective operation
amounts K_ion_Hih and K_1on_Loh, for example, the first
corrective operational amount K_ion_Ioh relating to a low-
octane fuel 1s defined as a main feedback operational amount
for bringing ACA_1onmax close to “0”. Thus, the 10n current
F/B processing unit 55 determines the feedback request
operational amount K_1on obtained as described above as the
first corrective operational amount K_1on_Loh relating to a
low-octane fuel as 1t 1s. In this case, the gain of the F/B
arithmetic unit 61 1s set so that, when the detection value of
the 1on current peak crank angle CA_1onmax 1s retarded with
respect to the target 1on current peak crank angle CA_1on-
max_obj (when an actual combustion timing 1s later than a
targeted combustion timing), the first corrective operational
amount K_1on_ILoh becomes larger than “1”, and when the
detection value of CA_1onmax 1s advanced with respect to
CA_1onmax obj (when an actual combustion timing is earlier
than a targeted combustion timing), the first corrective opera-
tional amount K 1on [.oh becomes smaller than “1”.

Accordingly, 1n a case where an actual combustion timing
1s later than a targeted combustion timing, the first corrective
operational amount K_ion_Loh 1s determined so that the
supply amount of a low-octane fuel whose 1gnition perfor-
mance 1s higher, to the cylinder 3x, 1s increased more than the
supply amount of a low-octane fuel which 1s specified accord-
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ing to the basic ijection time Ti_Lo_maph. On the contrary,
in a case where an actual combustion timing 1s earlier than a
targeted combustion timing, the first corrective operational
amount K_1on_Loh 1s determined so that the supply amount
of a low-octane fuel whose 1gnition performance 1s higher, to
the cylinder 3x, 1s reduced more than the supply amount of a
low-octane fuel which 1s specified according to the basic
injection time Ti_Lo_maph.

Here, 11 only the basic injection time Ti_Lo_maph relating
to a low-octane fuel 1s corrected by the first corrective opera-
tional amount K_1on_ILoh, the gross calorfic value when a
low-octane fuel of a amount specified according to the injec-
tion time after the correction, and a high-octane fuel of a
supply amount specified according to the basic injection time
T1_Hi_maph 1s combusted, the gross calorfic value (gross
calorific value which 1s originally predetermined) when a
low-octane fuel and a high-octane fuel with supply amounts
which are specified according to the basic injection times
T1_Lo_maph and Ti_Hi_maph, respectively, will change.
Thus, 1n this embodiment, the 10n current F/B processing unit
55 determines the first corrective operational amount K_
ion_Hih relating to a high-octane fuel so that the gross calo-
rific value at the time of the combustion of a low-octane fuel
and a high-octane fuel in the cylinder 3x 1s changed, 1n cases
where the basic injection times Ti_Hi_maph and Ti_
Lo_maph are corrected and are not corrected by the first
corrective operation amounts K_1on_Hih and K_1on_ILoh,
respectively.

Specifically, after the 1on current F/B processing unit 55
determines the {first corrective operational amount K_
ion_L.oh (=K_ion) as described above, a difference (K_
ion_ILoh-1) between this K_1on_Loh and “1” 1s obtained by
the arithmetic unit 62. Also, the 1on current F/B processing
unit 55 multiplies the above difference (K_1on_Loh-1) by a
ratio (Calo_Lo/Calo_Hi) of a calorific value Calo_Lo (a calo-
rific value at the time of the combustion of a low-octane fuel
supplied to the cylinder 3x according to the basic 1njection
time T1_Lo_maph) of a low-octane fuel calculated 1n corre-
spondence with the basic injection time T1_Lo_maph, and a
calorific value Calo_Hi (calorific value at the time of the
combustion of a high-octane fuel supplied to the cylinder 3x
according to basic injection time Ti_Hi_maph) of a high-
octane fuel calculated 1n correspondence with the basic injec-
tion time T1_Hi_maph, by the arithmetic unit 63. In this case,
Calo [.o1s avalue which 1s calculated from the characteristic
values (lower calonfic value and density) of a low-octane
tuel, and the imjection amount (supply amount to the cylinder
3x) of a low-octane fuel specified by the basic injection time
T1_Lo_maph, and which 1s proportional to Ti_Lo_maph.
Similarly, Calo_Hi 1s a value which 1s calculated from the
characteristic values (lower calorific value and density) of a
high-octane fuel, and the injection amount (supply amount to
the cylinder 3x) of a high-octane fuel specified by the basic
injection time Ti_Hi_maph, and which 1s proportional to
T1_Hi_maph.

Next, the 10n current F/B processing unit 55 obtains a value
which 1s obtained by subtracting the operation result of the
above arithmetic unit 63 from “1” by the arithmetic unit 64,
and determines the obtained value as the first corrective
operational amount K_ion_Hih relating to a high-octane fuel.

Additionally, the whole arithmetic processing of the arith-
metic units 62 to 64 1s to perform the following operation:
K_1on_Hih=1-(K_1on_Loh-1)-Calo_Lo/Calo_Ha.

K_1on_Hih determined in this way 1s determined to be a
value smaller than “1” 1n the case of K_1on_IL.oh>1, and 1s
determined to be a larger value than “1” 1n the case of K_
ion_Loh<1. Accordingly, in a case where an actual combus-
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tion timing 1s later than a targeted combustion timing, the first
corrective operational amount K_1on_Hih 1s determined so
that the supply amount of a high-octane fuel whose 1gnition
performance 1s lower, to the cylinder 3x, 1s reduced more than
the supply amount of the high-octane fuel which 1s specified
according to the basic mjection time Ti_Hi_maph. On the
contrary, 1n a case where an actual combustion timing is
carlier than a targeted combustion timing, the first corrective
operational amount K_1on_Hih 1s determined so that the sup-
ply amount of a high-octane fuel whose 1ignition performance
1s lower, to the cylinder 3x, 1s reduced more than the supply
amount of a high-octane fuel which 1s specified according to
the basic injection time T1_Hi_maph.

The first corrective operational amounts K_ion_Loh and
K_1on_Hih as feedback operational amounts for bringing the
deviation ACA_1onmax close to 0 are determined by the
processing of the 1on current F/B processing unit 55 described
above. In this case, the first corrective operational amounts
K 1on [Lohand K 1on Hih are determined so that the ratio of
the supply amount of a low-octane fuel to the supply amount
of a high-octane fuel after the correction by the first corrective
operational amounts K_1on_Ioh and K_1on_Hih 1s increased
more than the ratio of the supply amount of a low-octane fuel
to the supply amount of a high-octane fuel according to the
basic mjection times T1_Lo_maph and T1_Hi_maph, 1n a case
where an actual combustion timing 1s later than a targeted
combustion timing, (1n a case where the detection value of
CA_1onmax 1s retarded with respect to CA_ionmax_oby).
Further, the first corrective operational amounts are deter-
mined so that the ratio of the supply amount of a low-octane
fuel to the supply amount of a high-octane fuel after the
correction by the first corrective operational amounts K_
ion L.oh and K 1on Hih 1s increased more than the ratio of
the supply amount of a low-octane fuel to the supply amount
ol a high-octane fuel according to the basic injection times
T1_Lo_maph and Ti_Hi_maph, in a case where an actual
combustion timing 1s earlier than a targeted combustion tim-
ing, (1n a case where the detection value of CA_ionmax 1s
advanced with respect to CA_ionmax_oby).

Further, the first corrective operational amounts K_
ion_Loh and K_1on_Hih are determined so that a total (gross
calorific value) of the calonfic value (=Calo_Lo*K_1on_ILoh)
ol a low-octane fuel with a supply amount according to an
injection time which 1s obtained by correcting the basic injec-
tion time Ti1_Lo_maph by the first corrective operational
amount K_ion_Loh, and the calorific value (=Calo_Hi*
K_1on_Hih) of a high-octane fuel with a supply amount
according to an 1njection time which 1s obtained by correcting
the basic 1injection time T1_Hi_maph by the first corrective
operational amount K_1on_Hih 1s maintained at a total (gross
calorific value) of Calo_ILo and Calo_Ha.

In addition, in this embodiment, the feedback request
operational amount K_i1on 1s determined to be the first cor-
rective operational amount K_ion_Loh relating to a low-
octane fuel as 1t 1s. However, K_1on may be determined to be
the first corrective operational amount K_1on_Hih relating to
a high-octane fuel as it 1s. In this case, the gain of the F/B
arithmetic unit 61 1s set so that, when the detection value of
CA_1onmax 1s retarded with respect to CA_ionmax_ob;j
(when an actual combustion timing 1s later than a targeted
combustion timing), the first corrective operational amount
K 1on_Hihbecomes smallerthan “1”, and when the detection
value of CA_ionmax 1s advanced with respect to CA_10n-
max_obj (when an actual combustion timing 1s earlier than a
targeted combustion timing), the first corrective operational
amount K_1on_Hih becomes larger than “1”. Moreover, the
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low-octane fuel has only to be determined by the following
operation: K_1on_Loh=1-(K_1on_Hih-1)-Calo_Hi/Calo
Lo.

Further, 1n a case where K_10n 1s sufficiently close to 17,

K_1on may be determined to be the value of any one of the
first corrective operational amounts K_ion_ILoh and K_
ion_Hih as 1t 1s, and the value of the other one may be set to
“1.”” n other words, the basic injection time may be corrected
according to the feedback request operational amount K_1o0n,
only about any one of a low-octane fuel and a high-octane
fuel.
The second corrective operational amounts K_acc_Hih
and K _acc [.oh which are determined in the acceleration-
and-deceleration correction processing unit 56 are opera-
tional amounts which adjusts the ratio of the supply amount of
a low-octane fuel and the supply amount of a high-octane fuel
to the cylinder 3x 1n order to adjust the combustion timing of
an air-fuel mixture in the cylinder 3x 1n a transient operation
state where the operation state (and specifically the rotational
speed NE or target torque Td) of the internal combustion
engine 1 changes, like at the time of acceleration and decel-
eration of a vehicle ¢ on which the internal combustion engine
1 1s mounted. Here, the basic injection times T1_Hi1_maph and
T1_Lo_maph are determined so that the optimal operation of
the internal combustion engine 1 1s performed 1n a normal
operation state where the rotational frequency NE and target
torque Td of the internal combustion engine 1 are kept con-
stant. Further, a deviation for one combustion cycle 1s caused
between the time when the processing of the fuel imjection
time control processing unit 50 including the processing of
the processing units 33 and 34 1s executed, and the time when
actual fuel injection to the cylinder 3.x 1s performed according
to the fuel injection times T1_Hih and Ti_Lo which are finally
determined by the processing of the fuel 1njection time con-
trol processing unit 50. For this reason, 1n the transient opera-
tion state of the internal combustion engine 1, the rotational
frequency NE or target torque Td of the internal combustion
engine 1 at the time when actual fuel 1njection to the cylinder
3x 1s performed does not completely coincide with the rota-
tional frequency NE or the target torque Td when the basic
injection times T1_Hi_maph and T1_Lo_maph relating to the
actual fuel imjection are determined. Furthermore, the
amounts ol individual kinds of fuels actually supplied to the
cylinder 3x will not match the operation state of the internal
combustion engine 1 at the time of the combustion of the fuel,
but the actual combustion timing will deviate from suitable
timing. As aresult, there 1s a possibility that the output torque
of the internal combustion engine 1 may be greatly changed at
the time of the acceleration or deceleration of a vehicle on
which the internal combustion engine 1 1s mounted, or knock-
ing or combustion noises may occur.

Thus, 1n this embodiment, by the second corrective opera-
tional amounts K_acc_Hih, and K _acc_Loh, the ratio of the
supply amount of a low-octane fuel and the supply amount of
a high-octane fuel to the cylinder 3x 1s adjusted, and any
deviation of the combustion timing 1n the cylinder 3x 1n the
transient operation state of the internal combustion engine 1 1s
compensated. In this case, in this embodiment the accelera-
tion-and-deceleration correction processing unit 56, similarly
to the processing of the 1on current F/B processing unit 55,
determines the second corrective operational amounts K_
acc_Hih and K_acc_ILoh by the correction of the basic injec-
tion times Ti_Hi_maph and Ti_Lo_maph by the second cor-
rective operational amounts K_acc_Hih and K_acc_Loh so
that the gross calonfic value of a high-octane fuel and a

low-octane fuel does not change.
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FIG. 13 1s a functional block diagram showing the concrete
processing function of the acceleration-and-deceleration cor-
rection processing unit 56. A detection value (latest value) of
the rotational frequency NE of the internal combustion engine
1, a past value NE_p of the rotational frequency NE, a latest
value of the target torque Td, and a past value Td_p of the
target torque Td are input to the acceleration-and-decelera-
tion correction processing unit 56. In this case, the past value
NE_p of the rotational frequency NE 1s, for example, a value
at a predetermined point of time of a previous combustion
cycle, or an average value 1n a previous combustion cycle.
Similarly, the past value Td_p of the target torque Td 1s, for
example, a value at a predetermined point of time of a previ-
ous combustion cycle, or an average value 1n a previous
combustion cycle. These past values NE_p and Td_p are
stored and held a memory which 1s not shown, and are
updated for every combustion cycle of the cylinder 3.x.

Also, the acceleration-and-deceleration correction pro-
cessing unit 56 calculates a difference (NE-NE_p) between
the detection value of the rotational frequency NE of the
internal combustion engine 1 (latest value), and the past value
NE_p as an estimated variation dNE (hereinaiter referred to
as “estimated rotational frequency variation dNE”) of the
rotational frequency NE during a period ranging from the
combustion timing of an air-fuel mixture 1n a current coms-
bustion cycle of the cylinder 3x to the combustion timing of an
air-fuel mixture 1 the next combustion cycle, by the arith-
metic unit 66. Further, the acceleration-and-deceleration cor-
rection processing unit 56 calculates a difference (Td-Td_p)
between the latest value of the target torque Td, and the past
value Td_p as an estimated variation dTd (heremafter
referred to as “estimated torque varniation d1d”) of the target
torque Td during a period ranging from the combustion tim-
ing ol an air-fuel mixture in a current combustion cycle of the
cylinder 3x to the combustion timing of an air-fuel mixture 1n
the next combustion cycle, by the arithmetic unit 67.

In addition, the estimated rotational frequency variation
dNE may be obtained by arithmetic interpolation, etc. from
the past time-serial data of the rotational frequency NE. Simi-
larly, the estimated torque variation d1d may be obtained by
arithmetic interpolation, etc. from the past time-serial data of
the target torque Td.

Next, the acceleration-and-deceleration correction pro-
cessing unit 36 determines any one of the second corrective
operational amounts K_acc Hih and K_acc_Loh, {for
example, the second corrective operational amount K_
acc_Loh relating to a low-octane fuel, by an acceleration-
and-deceleration corrective operational amount determining
unit 68, from the estimated rotational frequency variation
dNE and estimated torque variation d1d which are obtained
as described above. In this case, the acceleration-and-decel-
eration corrective operational amount determining unit 68
determines K_acc_ILoh on the basis of amap setinadvance as
shown, for example, 1n FIG. 14, from the input dNE and dTd.
This map 1s experimentally determined. In this case, 1n this
map, the value ot K_acc_ILoh1s setaccording to dNE and dTd
so that the injection time which 1s obtained by correcting the
basic mnjection time T1_Lo_maph relating to a low-octane fuel
by K_acc_Loh becomes a value near the value of the basic
injection time obtained by the map of the FIG. 10, when the
rotational frequency and target torque of the internal combus-

tionengine 1 are NE+dNE and Td+d1d, respectively. Further,
when dNE=dTd=0 i1s satisfied, the value o1 K_acc _I.oh 1s set

to “1.” Further, when DNE>0 and dTd>0 are satisfied, the

value of K_acc_Loh is set to a larger value than “1.” Further,
when DNE<0 and dTd=0, the value of K_acc_Lohissetto a
value smaller than “1.”
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In addition, the map of FIG. 14 1s an example, and this map
generally varies depending on the kinds of a low-octane fuel
and a high-octane fuel, the specification of the internal com-
bustion engine 1, efc.

The acceleration-and-deceleration correction processing
unit 56 executes the processing which obtains the second
corrective operational amount K_acc_Hih relating to a high-
octane fuel so that the gross calorific value of a high-octane
fuel and a low-octane fuel to be supplied to the cylinder 3x
does not change, after it has determined the second corrective
operational amount K_acc_ILoh relating to a low-octane fuel
as described above. This processing 1s the same as the pro-
cessing in the 1on current F/B processing unit 55. Specifically,
the acceleration-and-deceleration correction processing unit
56 obtains the difference (K_acc_ILoh-1) between the second
corrective operational amount K_acc_Loh relating to a low-
octane fuel determined as described above, and “1”°, by an
arithmetic unit 69. Also, the acceleration-and-deceleration
correction processing unit 36 multiplies the above difference
(K_acc_Loh-1) by a ratio Calo_Lo/Calo_Hi) between the
calorific value Calo .o of a low-octane fuel calculated in
correspondence with the basic injection time Ti1_Lo_maph,
and the calorific value Calo_Hi of a high-octane fuel calcu-
lated 1n correspondence with the basic injection time Ti_
Hi_maph, by the arithmetic unit 70. Next, the acceleration-
and-deceleration correction processing unit 56 obtains a
value which 1s obtained by subtracting the operation result of
the above arithmetic unit 70 from “1” by the arithmetic unit
71, and determines the obtained value as the second correc-
tive operational amount K_acc_Hih relating to a high-octane
fuel. Accordingly, the acceleration-and-deceleration correc-
tion processing unit 35 determines K_acc_Hih by the follow-
ing operation: K_acc_Hih=1-(K_acc_Loh-1)-Calo_Lo/
Calo_Hi. K_acc_Hih determined 1n this way 1s determined to
be a value smaller than “1” in the case of K_acc_Loh>1, and
1s determined to be a larger value than “1” 1n the case of
K acc Loh<l.

The second corrective operational amounts K_acc_Loh
and K_acc_Hih are determined so as to compensate the influ-
ence which the change of the rotational frequency NE or the
target torque Td 1n the transient operation state of the internal
combustion engine 1 exerts on the combustion timing of an
air-fuel mixture 1n the cylinder 3x by the processing of the
acceleration-and-deceleration correction processing unit 56
described above. In this case, the second corrective opera-
tional amounts are determined so that a total of the calorfic
value of a low-octane fuel according to an 1njection timing
which 1s obtained by correcting the basic injection time
T1_Lo_maph by the second corrective operational amount

K_acc_Loh (=Calo_Lo*K_acc_lLoh), and the calorific value
(=Calo_H1*K_acc_Hih) of a high-octane fuel according to an
injection time which 1s obtained by correcting the basic injec-
tion time T1_Hi_maph by the second corrective operational
amount K_acc_Hih 1s kept at a total of Calo_Lo and Calo_Ha.
Also, by correcting the basic injection times T1_Lo_maph and
T1_Hi_maph by the second corrective operational amounts
K_acc_Lohand K_acc_Hih, the ratio of the supply amount of
a low-octane fuel and the supply amount of a high-octane fuel
to the cylinder 3x 1s adjusted so that the above compensation
1s made.

In this case, the second corrective operational amounts
K acc Loh and K acc Hih are determined so that the ratio
of the supply amount of a low-octane fuel to the supply
amount of a high-octane fuel after the correction by the sec-
ond corrective operational amounts K_acc_Loh and K_
acc_Hih 1s increased more than the ratio of the supply amount
of a low-octane fuel to the supply amount of a high-octane
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tuel according to the basic injection times Ti_Lo_maph and
T1_Hi_maph, mn a situation where dNE>0 and dTd>0 are
satisfied, 1.e., 1n an accelerating operation state where the
rotational frequency NE and the target torque Td of the inter-
nal combustion engine 1 increases. Further, the second cor-
rective operational amounts are determined so that the ratio of
the supply amount of a high-octane fuel to the supply amount
of a low-octane fuel after the correction by the second cor-
rective operational amounts K_acc_ILoh and K_acc_Hih 1s
increases more than the ratio of the supply amount of a high-
octane fuel to the supply amount of a low-octane fuel accord-
ing to the basic imection times Ti_Lo_maph and Ti_
Hi_maph, 1n a situation where dNE<0 and dTd=0 are satis-
fied, 1.e., 1n a decelerating operation state where the target
torque Td of the internal combustion engine 1 decreases or 1s
kept at O, and the rotational frequency NE decreases.

In addition, 1n this embodiment, the second corrective
operational amount K_acc_ILoh relating to a low-octane fuel
1s determined from the estimated rotational frequency varia-
tion dNE and the estimated torque variation dTd. However,
the second corrective operational amount K_acc_Hih relating,
to a high-octane fuel may be determined from dNE and dTd.
In this case, the second corrective operational amount K_
acc_Loh relating to a low-octane fuel has only to be deter-
mined by the following operation: K_acc_Loh=1-(K_
acc_Hih-1)-Calo_Hi/Calo_Lo. Further, in a case where the
second corrective operational amount K_acc_Loh or K_
acc_Hih determined from dNE and dTD 1s sufficiently close
to “1”, the other second corrective operational amount K_
acc_Hih or K_acc_LLoh may be setto “1.” In other words, the
correction of basic injection time for compensating the influ-
ence ol changes in the rotational frequency NE and the target
torque Td 1n the transient operation state of the internal com-
bustion engine 1 may be performed only about any one of a
low-octane fuel and a high-octane fuel.

The third corrective operational amounts K_SH_Hih and
K_SH_Ioh which are determined in the SH correction pro-
cessing unit 57 are operational amounts for adjusting at least
the combustion timing immediately after the operation mode
of the internal combustion engine 1 has shifted from the SI
mode via the second intermediate mode to the HCCI mode.

As mentioned above, 1n the operation state of the internal
combustion engine 1 1n the HCCI mode, the air-tuel ratio of
an air-fuel mixture of each cylinder 3 1s an air-fuel ratio near
a theoretical air-fuel ratio. In contrast, in the operation state of
the internal combustion engine 1 1n the SI mode, the air-fuel
ratio of an air-fuel mixture 1s an air-fuel ratio nearer to the lean
side. Further, the operation of the internal combustion engine
1 1n the SI mode basically 1s performed in a high load region
where the target torque 'Td 1s relatively large. For this reason,
immediately after the operation mode of the internal combus-
tion engine 1 has been switched from the SI mode via the
second intermediate mode to the HCCI mode, the tempera-
ture of the 1nside of each cylinder 3 and the temperature of a
cylinder tends to be higher than a normal temperature at the
time of the continuous operation of the internal combustion
engine 1 1n the HCCI mode. For this reason, there 1s possible
that, immediately after the operation mode has been switched
to the HCCI mode, the 1gnition timing of the fuel (composite
tuel) of an air-fuel mixture of the combustion chamber 6 of
cach cylinder 3 is apt to be earlier than a suitable 1gnition
timing, excessive combustion noises are generated, or knock-
1ng OCCUrs.

Thus, 1n this embodiment, the stability of combustion
immediately after the operation mode has been switched to
the HCCI mode 1s secured so that the ratio of the supply
amount of a low-octane fuel and the supply amount of a
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high-octane fuel to the cylinder 3x 1s adjusted by the third
corrective operational amounts K_SH_Hih and K_SH_Ioh,
at least 1n a predetermined period immediately after switch-
ing to the HCCI mode at the time of shifting of the operation
mode from the SI mode to the HCCI mode.

FIG. 15 1s a graph showing a method of determining the
third corrective operational amounts K_SH_Hih and
K_SH_Ioh by the SH correction processing unit 57. In addi-
tion, the number of combustion cycles on the abscissa axis of
the graph of FIG. 135 1s the number of combustion cycles of the
cylinder 3x.

As shown 1n this drawing, 1n this embodiment, with the
timing of switching from the SI mode to the HCCI mode
(more exactly, 1n a combustion cycle where switching from
the SI mode to the second intermediate mode) 1s made, the
third corrective operatlonal amount K_SH_Hih relating to a
high-octane fuel 1s determined to be a value (1nitial value)
larger than “1” by a predetermined adjustment amount
AKSH_Hi (>0), and the third corrective operational amount
K_SH_ILohrelating to a low-octane fuel 1s determined to be a
value (1nitial value) smaller than “1” by a predetermined
adjustment amount AKSH_ILo (>0). Also, the third corrective
operational amounts K_SH_Hih and K_SH_I.oh are held at
the mitial values of the adjustment amounts AKSH_Hi and
AKSH_Lo, respectively, 1n the second intermediate mode.
Moreover, the third corrective operational amounts K_
SH_Hih and K_SH_I.oh are determined for every combus-
tion cycle of the cylinder 3x so as to gradually approach “1”
from the above 1nitial values 1n a predetermined time 1mme-
diately after switching from the second intermediate mode to
the HCCI mode, or 1n a period TSH (hereinafter referred to as
“SH correction period TSH™) having a predetermined number
of combustion cycles. Moreover, after the lapse of the SH
correction period TSH, the third corrective operational
amounts K SH Hih and K SH I.oh are held at “1.”

In addition, the SH correction period TSH 1s a period
during which the temperature within the cylinder 3x and the
temperature of the wall of the cylinder 1s required to rise to a
normal temperature at the time of the continuous operation of
the internal combustion engine 1 1n the HCCI mode, within
this period. Although the SH correction period TSH may be a
specified time or the period of a specified number of combus-
tion cycles, itmay be set according to the operation time of the
internal combustion engine 1 1n the SI mode immediately
betore the HCCI mode, or the number of combustion cycles at
the time of the operation time. Further, the values of the third
corrective operational amount K_SH_Hih and K_SH_ILohin
the SI mode are held at “1.”

As described above, when the operation mode shifts from
the SI mode to the HCCI mode by determining the third
corrective operational amounts K_SH_Hih and K_SH_Ioh,
in the SH correction period TSH immediately after switching
from the second intermediate mode to the HCCI mode, the
third corrective operational amount K_SH_Hih relating to a
high-octane fuel 1s determined to be a larger value than “17,
and simultaneously, the third corrective operational amount
K_SH_Lohrelating to a low-octane fuel 1s determined to be a
value smaller than *““1.” That 1s, the third corrective opera-
tional amounts K SH Hihand K SH [.oh are determined so
that the ratio of the supply amount of a high-octane fuel to the
supply amount of a low-octane fuel after the correction by the
third corrective operational amounts K_SH_Hih and
K_SH_ILoh 1s increased more than the ratio of the supply
amount ol a high-octane fuel to the supply amount of a low-
octane fuel 1in a case where K SH Hih=K SH [.oh=1 are
satisfied (1n a case where the correction by the third corrective

operational amounts K_SH_Hih and K_SH_I.oh 1s omitted).
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Also, the third corrective operational amounts K_SH_Hih
and K_SH_I oh are gradually brought close to “1” within the
SH correction period TSH.

In addition, the 1nitial values of the third corrective opera-
tional amounts K SH Hih and K SH I.oh inthe SH correc-
tion period TSH are set according the operation time of the
internal combustion engine 1 1n the SI mode immediately
betore the HCCI mode, and the number of combustion cycles
at the time of the operation time. Further, 1n the example of
FIG. 15, the third corrective operational amounts K_SH_Hih
and K_SH_Loh are linearly changed and brought close to “1”
in the SH correction period TSH. However, the third correc-
tive operational amounts may be brought close to “1” while
they are curvedly changed, like the shape of an exponential
function, etc. Further, the third corrective operational
amounts K_SH_Hih and K_SH_I.oh may be determined so
as not to change the gross calorific value of a composite fuel,
similarly to the case where the first corrective operation
amounts K 1on Hih and K 1on [.oh are determined.

Returming to FIG. 8, the fourth corrective operational
amounts Kx Hih and Kx [.oh which are determined 1n the
additional correction processing unit 58 correct the basic
injection times T1_Hi_maph and Ti_Lo_maph according to
operational environmental conditions, such as the engine
temperature (cooling water temperature or o1l temperature) of
the internal combustion engine 1, intake-air temperature, and
atmospheric pressure, which are detected by sensors which 1s
not shown. That 1s, 1t 1s premised 1n this embodiment that the
basic injection times T1_Hi_maph and T1_Lo_maph are fixed
standard conditions with operational environmental condi-
tions, such as engine temperature of the internal combustion
engine 1, imtake-air temperature, and atmospheric pressure,
as described above. Also, the fuel injection time for performs-
ing the optimal operation of the internal combustion engine 1
slightly changes according to the operational environmental
conditions.

Thus, 1n this embodiment, the basic imjection times Ti_
Hi_maph and Ti_Lo_maph are corrected by the fourth cor-
rective operational amounts Kx_Hih and Kx_Loh. In this
case, detection values, such as engine temperature (cooling
water temperature or o1l temperature), intake-air temperature,
and atmospheric pressure, are mput to the additional correc-
tion processing unit 38 from sensors which are not shown.
Also, the additional correction processing unit 58 determines
the fourth corrective operational amounts Kx_Hih and
Kx_Loh by maps, tables, or operation expressions that are set
in advance from the mput values. In addition, the fourth
corrective operational amounts Kx_Hih and Kx_I.oh gener-
ally are different from each other even 1f the operational
environmental conditions are the same.

In addition, 1n the processing units 533 and 54, the basic
injection times T1_Hi_maph and T1_Lo_maph may be deter-
mined, for example, using multi-dimensional maps, and
using the detection values of engine temperature, intake-air
temperature, and atmospheric pressure as well as the rota-
tional frequency NE and target torque Td of the internal
combustion engine 1. In this case, the additional correction
processing unit 58 1s unnecessary.

Here, to supplement the SH correction processing unit 57,
in this embodiment, a set of fuel imection times Ti_Hih
(=11_Hi_maph*K_1on_Hih*K_acc_Hih*Kx_Hih) and Ti_
Loh (=T1_Lo_maph*K_1on_Loh*K_acc_Loh*Kx_I.oh) that
are finally determined by the fuel injection time control pro-
cessing unit 50 1n a situation where both the third corrective
operational amounts K_SH_Ioh and K_SH_Hih are set to
“1,” that 1s, at the time of the operation of the mternal com-
bustion engine 1 1n the HCCI mode other than the SH correc-
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tion period TSH, 1n a case where the operation mode of the
internal combustion engine 1 1s the HCCI mode, corresponds
to a normal operational amount group in the mvention. That
1s, the amounts obtained by correcting the set of basic injec-
tion times Ti_Hi_map and Ti_Lo_map by the corrective
operational amounts that are determined by the 1on current
F/B processing unit 33, the acceleration-and-deceleration
correction processing unit 56, and the additional correction
processing unit 58, respectively, generally corresponds to an
operational amount group. Accordingly, the first predeter-
mined control rule 1n the 1nvention 1s configured by the con-
trol processing of the processing units 53 and 34, the 10n
current F/B processing unit 55, the acceleration-and-decel-
eration correction processing unit 36, and the additional cor-
rection processing unit 58, and the processing which corrects
the basic mjection times T1_Hi_map and Ti_Lo_map by the
corrective operational amounts respectively determined by
the 10n current F/B processing unit 35, the acceleration-and-
deceleration correction processing unit 56, and the additional
correction processing unit 58 (multiplying the corrective
operational amounts).

Further, the SH correction period TSH corresponds to a
first predetermined period 1n the invention. Also, a set of fuel
injection times Ti_Hi (=11_Hi_maph™*K_1on_Hih*K_acc_
Hih*K_SH_Hih*Kx_Hih) and Ti_Loh=Ti_Lo_maph*K_
ion_Loh*K_acc_Loh*K_SH_Ioh*Kx_I.oh) that are finally
determined by the fuel mjection time control processing unit
50 at the time of the operation of the internal combustion
engine 1 1n the compression 1gnition operation mode 1n the
first predetermined period corresponds to a correction opera-
tional amount group 1n the invention. Accordingly, it can be
said that the correction operational amount group 1s a group
which 1s obtained by correcting a normal operational amount
group, which 1s obtained by correcting the set of basic injec-
tion times T1_Hi_maph and Ti_Lo_maph by the corrective
operational amounts respectively determined by the 10n cur-
rent F/B processing unit 55, the acceleration-and-decelera-
tion correction processing unit 36, and the additional correc-
tion processing unit 38, by the third corrective operational
amounts K SH Hihand K SH I.oh which are determined in
the SH correction processing unit 57.

These are the details of the control processing of the fuel
injection time control processing unit 50.

Next, the control processing of the fuel 1njection timing
control processing unmit 51 will be explained with reference to
FIG. 8. The control processing 1s performed as follows 1n
synchronization with the combustion cycle of the cylinder 3x
(every two rotations of the crankshaft 8). The fuel 1injection
timing control processing unit 51 1s composed o a processing
unit 80 which determines a tuel injection timing CA_1nj_Hih
relating to the fuel injector 18 for a high-octane fuel, and a
processing unit 81 which determines a fuel injection timing
CA_1nj_Loh relating to the fuel imjector 17 for a low-octane
fuel.

In this case, CA_inj_Hih which 1s determined in the pro-
cessing unit 80 1s a feed-forward operational amount, and the
detection value (latest value) of the rotational frequency NE
of the internal combustion engine 1 and the target torque Td
(latest value) are iput to the processing unit 80 as mndexes
showing the operation state of the internal combustion engine
1. Also, the processing unit 80 determines CA_1inj_Hih from
the input NE and Td on the basis of a map set 1n advance as
shown 1n FIG. 16.

Further, CA_inj_Loh which 1s determined in the process-
ing unit 81 1s also a feed-forward operational amount, and the
detection value (latest value) of the rotational frequency NE
of the internal combustion engine 1 1s input to the processing
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unit 81 as an index showing the operation state of the internal
combustion engine 1. Also, the processing unit 81 determines
CA_1nj_Loh from the input NE on the basis of a table set 1n
advance as shown 1n FIG. 17. In this case, in this table,
CA_1nj_Loh1s not dependent on the target torque Td (load of
the internal combustion engine 1). In this embodiment, this 1s
because the fuel injector 17 for a low-octane fuel injects a fuel
to the intake port 10 of the cylinder 3x, and the suitable fuel
injection timing of a low-octane fuel 1s hardly influenced by
the target torque Td of the internal combustion engine 1.

Similarly to the maps of FIGS. 9 and 10, the map of FI1G. 16
and the table of FIG. 17 are experimentally set so that the
optimal operation of the internal combustion engine 1
become an optimal operation state, in a normal operation state
where the rotational frequency NE and the target torque Td
are kept constant. In addition, the map of FIG. 16 and the table
of F1G. 17 are examples, and the map and table generally vary
depending on the kinds of a low-octane fuel and a high-octane
tuel, the specification of the iternal combustion engine 1,
etc.

These are the specific control processing of the fuel 1njec-
tion timing control processing unit 51.

As described above, 1n the HCCI control processing unit
41, the fuel imjection times T1_Hih and Ti_Loh, and the fuel
injection timings CA_inj_Hih and CA_inj_Loh are deter-
mined to be operational amounts which specily the opera-
tions of the fuel injectors 17 and 18 for every cylinder 3 1n a
case where the internal combustion engine 1 1s operated in the
HCCI mode. In addition, 1n a case where the internal com-
bustion engine 1 1s operated 1n the HCCI mode, the operation
of the 1gnition plug 30 stops. Thus, 1t 1s not necessary to
determine the operational amount relating to the operation of
the 1gnition plug 30. Further, 1n this embodiment, the arith-
metic processing of the HCCI control processing unit 41 1s
executed during the operation of the internal combustion
engine 1, regardless of the operation mode. However, when
the operation mode 1s the SImode, or the second intermediate
mode, the arithmetic processing of the HCCI control process-
ing unit 41 may be stopped.

Next, FIG. 18 1s a functional block diagram showing the
control processing function of the SI control processing unit
42. Referring to this drawing, in this embodiment, the SI
control processing unit 42 1s constituted by a fuel 1njection
time control processing unit 90 which determines respective
tuel imjection times T1_Los and T1_His of the fuel injector 17
for a low-octane fuel and the fuel injector 18 for a igh-octane
tuel for every cylinder 3, a fuel injection timing control pro-
cessing unit 91 which determine respective fuel injection
timings CA_1inj_Los and CA_inj_His of the fuel injector 17
tor a low-octane fuel and the fuel injector 18 for a igh-octane
tuel for every cylinder 3, an 1gnition timing control process-
ing unit 92 which determines an 1gnition timing 1G_logs of
the 1ignition plug 30 for every cylinder 3, and an 1gnition duty
control processing unit 93 which determines a duty IG_dutys
which specifies the current application amount of the 1gnition
plug 30. In addition, although the above respective processing
units 90 to 93 are separately provided for every cylinder 3,
only those relating to one arbitrary cylinder 3x are typically
shown 1n FIG. 18, similarly to the HCCI control processing
unit 41.

Here, the fuel injection times Ti1_Los and Ti_His have a
meaning as operational amounts (control inputs) which
specily the supply amounts (1njection amounts) of two kinds
of fuels to the combustion chamber 6 of each cylinder 3 by the
tuel injectors 17 and 18 for every cylinder 3 1n a case where
the operation of the internal combustion engine 1 15 per-
formed in the SI mode. Here, the fuel injection timings
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CA_imnj_Los and CA_inj_His (these are timings at a crank
angle) have a meaning as operational amounts (control
inputs) which specily the supply timings (injection timings)
of two kinds of fuels to the combustion chamber 6 of each
cylinder 3 by the fuel injectors 17 and 18 for every cylinder 3
in a case where the operation of the internal combustion
engine 1 1s performed 1n the SI mode. Further, the 1gnition
timing IG_logs has a meaning as an operational amount (con-
trol mput) which specifies the 1gnition timing (generation
timing of spark discharge) of the 1gnition plug 30 for every
cylinder 3, 1n a case where the internal combustion engine 1 1s
operated in the SI mode. Further, the duty 1G_dutys (herein-
alter referred to as “ignition duty 1G_dutys™), which 1s a
command value of the duty of a pulse signal for applying an
clectric current to the 1ignition plug 30 by PWM control, has a
meaning as an operational amount (control mput) which
specifies the current application amount to the 1gnition plug
30. The operational amount for an SI mode to be determined
in SI control processing unit 42 i1s an operational amount
composed of the fuel injection times T1_Los and Ti_His, the
tuel injection timings CA_1inj_Los and CA_inj_His, the 1gni-
tion timing 1G_logs, and the 1gnition duty 1G_dutys. In this
case, T1_Los, T1_His, CA_1nj_Los, and CA_inj_His of the
operational amounts have a meaning as operational amounts
which specity the operations of the fuel injectors 17 and 18
for every cylinder 3. Further, IG_logs and IG_dutys have a
meaning as operational amounts which specily the operation
of the 1ignition plug 30 for every cylinder 3.

In addition, the fuel supply amount (1njection amount) may
be determined instead of the fuel injection times T1_Los and
T1_His. Further, the fuel injection timings CA_inj_Los and
CA_1nj_His are not necessarily determined 1in the dimension
of the crank angle, and may be determined 1n the dimension of
a time (time 1nstant).

Additionally, the SI control processing unit 42 has a func-
tion as a control processing means for a spark 1gnition opera-
tion mode 1n the mnvention.

The control processing of the fuel 1injection time control
processing umt 90 for every cylinder 3 1s performed as fol-
lows with predetermined timing synchronized with the com-
bustion cycle (two rotations of the crankshatt 8) of the cylin-
der 3 corresponding to the fuel injection time control
processing unit 90.

The tuel injection time control processing unit 90 includes
a processing unit 94 which determines a basic injection time
T1_Hi_maps of a high-octane fuel, a processing unit 95 which
determines a basic mjection time T1_Lo_maps of a low-oc-
tane fuel, and an air-fuel ratio F/B processing unit 96 and an
acceleration-and-deceleration correction processing unit 97
which determine a {irst corrective operational amount K_afs
and a second corrective operational amount K_accs for cor-
recting the basic imjection time Ti_Hi_maps and Ti_
Lo_maps, respectively.

Also, the fuel mjection timing control processing unit 90
corrects the basic injection time Ti_Hi_maph of a high-octane
fuel and the basic injection time T1_Lo_maps of a low-octane
fuel by the corrective operational amounts K_ats and K_accs,
respectively, thereby determining the fuel injection times
T1_Hisand Ti_Los of a high-octane fuel and a low-octane fuel
for every combustion cycle of the cylinder 3x. In this case, 1n
this embodiment, the correction of the basic 1injection time
T1_Hi_maps of a high-octane fuel 1s performed by multiply-
ing T1_Hi_maps by K_afs and K_accs. Similarly, the correc-
tion of the basic injection time Ti_Lo_maps of a low-octane
tuel 1s performed by multiplying T1_Lo_maps by K_afs and
K_accs.
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In addition, the corrective operational amounts K_afs and
K_accs function to increase the fuel mjection times Ti_His

and T1_Los of a high-octane fuel and a low-octane fuel by the
same ratio from the basic injection times Ti_Hi_maps and
T1_Lo_maps, respectively, when the value thereof 1s larger
than *“1.” On the contrary, the corrective operational amounts
K_afs of and K_accs function to reduce the fuel injection
times T1_His and Ti_Los of a high-octane fuel and a low-
octane fuel by the same ratio from the basic 1jection times
T1_Hi_maps and T1_Lo_maps, respectively, when the value
thereol 1s smaller than “1.” Accordingly, while the corrective
operational amounts K_afs of and K_accs function to keep
the mutual ratio of a high-octane fuel and a low-octane fuel to
be supplied to the combustion chamber 6 of the cylinder 3x, at
a ratio specified by the basic injection times T1_Hi_maps and
T1_Lo_maps, they function to increase and decrease the total
of the supply amounts of both the fuels.

Hereinafter, the processing of the processing units 94 to 97
will be concretely explained. First, the basic injection times
T1_Hi_maps and Ti_Lo_maps which are determined 1n the
processing units 94 and 95, respectively, are basic operational
amounts which specily the supply amounts (1njection
amounts) of fuels to the cylinder 3x 1n a normal operation
state (normal operation state 1n the SI mode) where the opera-
tion state of the internal combustion engine 1 1s kept constant.
In this embodiment, the basic injection times Ti_Hi_maps
and T1_Lo_maps are feed-forward operational amounts that
are obtained by the maps set 1n advance from the rotational
frequency NE and the intake pressure PBA representing the
operation state of the internal combustion engine 1 at the time
of the operation of the internal combustion engine 1 in the SI
mode.

More specifically, the detection value (latest value) of the
rotational frequency NE of the imnternal combustion engine 1
and the detection value (latest value) of the intake pressure
PBA by the intake pressure sensor 20 are input to the process-
ing units 94 and 95, respectively. Also, the processing units 94
and 95 uses the mput rotational frequency NE and intake
pressure PBA as indexes showing the operation state of the
internal combustion engine 1, and determine the basic 1njec-
tion times T1_Hi_maps and T1_Lo_maps, respectively, on the
basis of the maps set 1n advance as shown 1 FIGS. 19 and 20,
from them. These maps are those which are experimentally
set so that the operation state of the internal combustion
engine 1 becomes an optimal operation state, 1n a normal
operation state where the rotational frequency NE and the
intake pressure PBA are kept constant. In this embodiment,
these maps are the same 1n all the cylinders 3. However, these
maps may be separately provided for every cylinder 3. In
addition, the maps of FIGS. 19 and 20 are examples, and those
maps generally vary depending on the kinds of a low-octane
tuel and a high-octane fuel, the specification of the internal
combustion engine 1, etc.

Additionally, the ratio of the supply amount of a high-
octane fuel to the supply amount of a low-octane fuel which
1s specified by Ti_Himaps and T1_Lo maps determined by the
maps of FIGS. 19 and 20, respectively, becomes a larger ratio
than the ratio of the supply amount of a high-octane fuel to the
supply amount of a low-octane fuel which 1s specified by
T1_Hi_maph and Ti_Lo_maph determined by the maps of
FIGS. 9 and 10. In other words, the 1gnition performance of a
composite fuel specified by Ti_Hi_maps and Ti_Lo_maps
becomes lower than the 1gnition performance of the compos-
ite Tuel specified by Ti_Hi_maph and Ti_Lo_maph.

The first corrective operational amount K_afs which 1s
determined 1n the air-fuel ratio F/B processing unit 96 1s a
teedback operational amount for adjusting the total (the total
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amount of a composite fuel combusted in the combustion
chamber 6 of the cylinder 3x) of the supply amounts of a
high-octane fuel and a low-octane fuel to the cylinder 3x so
that the air-fuel ratio A/F detected by the air-fuel ratio sensor
31 1s made to coincide with a required target value. In this
case, the detection value (latest value) of an air-fuel ratio A/F
which 1s represented by the output of the air-fuel ratio sensor
31, and a target air-fuel ratio are input to the air-fuel ratio F/B
processing unit 96. The target air-fuel ratio 1s an air-fuel ratio
near a theoretical air-fuel ratio. Also, the air-fuel ratio F/B
processing unit 96 determines the air-fuel ratio operational
amount K_afs by the deviation between the detection value of
the air-fuel ratio A/F and the target air-fuel ratio which are
input so as to bring the deviation close to “0” by feedback
control processing. The feedback control processing has only
need to be performed by a well-known air-fuel ratio control
technique 1n an internal combustion engine using a spark
1gnition method.

The second corrective operational amount K_accs which 1s
determined 1n the acceleration-and-deceleration correction
processing unit 97 adjusts the total (total amount of a com-
posite fuel) of the supply amounts of a high-octane fuel and a
low-octane fuel to the cylinder 3x 1n order to prevent the
change of an actual output torque from being delayed with
respect to a request according to the operational amount of an
accelerator pedal 1n a transient operation state where the
output torque of the internal combustion engine 1 fluctuates.

In this embodiment, the estimated torque varnation dTd
described above 1n the description of the acceleration-and-
deceleration processing unit 56 of the HCCI control process-
ing unit 41 1s mput to the acceleration-and-deceleration cor-
rection processing unit 97. The estimated torque variation
d'Td 1s calculated from a current value and a past value of the
target torque Td, similarly to the processing of the accelera-
tion-and-deceleration correction processing unit 36 of the
HCCI control processing unit 41.

Also, the acceleration-and-deceleration correction pro-
cessing unit 97 determines the second corrective operational
amount K accs on the basis of a table set 1n advance as
illustrated in FIG. 21, from the mput estimated torque varia-
tion d1d. The second corrective operational amount K_accs
determined by this table 1s determined to be a value larger
than “1” 1n the case of d1d>0, and 1s determined to be a value
smaller than “1” 1n the case of d1d<0. Accordingly, 1n a
situation where the target torque Td of the internal combus-
tion engine 1 increases, the second corrective operational
amount K _accs 1s determined so as to further increase the
supply amounts of a high-octane fuel and a low-octane fuel to
the cylinder 3x. Further, 1n a situation where the target torque
Td of the internal combustion engine 1 decreases, the second
corrective operational amount K_accs 1s determined so as to
turther reduce the supply amounts of a high-octane fuel and a
low-octane fuel to the cylinder 3x.

These are the details of the control processing of the fuel
injection time control processing unit 90.

Next, the control processing of the fuel 1njection timing
control processing unit 91 will be explained with reference to
FIG. 18. The control processing 1s performed as follows 1n
synchronization with the combustion cycle of the cylinder 3x
(every two rotations of the crankshaft 8). The fuel 1injection
timing control processing unit 91 1s composed ol a processing
unit 98 which determines a fuel injection timing CA_inj_His
relating to the fuel injector 18 for a high-octane fuel, and a
processing unit 99 which determines a fuel injection timing
CA_1nj_Los relating to the fuel injector 17 for a low-octane

fuel.
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In this case, CA_inj_His which 1s determined 1n the pro-
cessing unit 98 1s a feed-forward operational amount, and the
detection value (latest value) of the rotational frequency NE
of the mternal combustion engine 1 1s mput to the processing
unit 98 as an index showing the operation state of the internal
combustion engine 1, and the fuel injection time T1_His (lat-
est value) of a high-octane fuel which is determined 1n the fuel
injection timing control processing umt 90 is input to the
processing unit. Also, the processing unit 98 determines
CA_1nj_His from the mput NE and Ti_His on the basis of a
map set in advance as shown 1n FIG. 22.

Further, CA_1inj_Los determined 1n the processing unit 99
1s also a feed-forward operational amount, and the detection
value (latest value) of the rotational frequency NE of the
internal combustion engine 1 1s input to the processing unit 99
as an index showing the operation state of the internal com-
bustion engine 1. Also, the processing unit 99 determines
CA_1nj_Los from the input NE on the basis of a table set 1n
advance as shown in FIG. 23. In this case, 1n this embodiment,
the fuel injector 17 for a low-octane fuel 1s of a port-injection-
type. Thus, CA_inj_Los 1s determined according to the rota-
tional frequency NE only.

Similarly to the maps of FIGS. 19 and 20, the map of FIG.
22 and the table of FIG. 23 are experimentally set so that the
optimal operation of the internal combustion engine 1
become an optimal operation state, in a normal operation state
(normal operation state 1n the SI mode) where the rotational
frequency NE and the intake pressure PBA are kept constant.
In addition, the map of FIG. 22 and the table of FIG. 23 are
examples, and the map and table generally vary depending on
the kinds of a low-octane fuel and a high-octane fuel, the
specification of the internal combustion engine 1, etc.

These are the specific control processing of the fuel 1njec-
tion timing control processing unit 91.

Next, the control processing of the 1gnition timing control
processing unit 92 will be explained. The control processing,
of the 1ignition timing control processing unit 92 correspond-
ing to the cylinder 3x 1s performed as follows with predeter-
mined timing synchronized with the combustion cycle (two
rotations of the crankshait 8) of the cylinder 3x.

As shown1n FIG. 18, the ignition timing control processing
unit 92 includes a processing unit 100 which determines the
basic 1gnition timing IG_log_maps of the 1gnition plug 30
corresponding to the cylinder 3x, and a retard correction
processing unit 101 which determines a corrective opera-
tional amount IG_delay which corrects the basic ignition
timing 1G_log maps 1n a retard direction, and corrects the
basic ignition timing IG_log_maps by the arithmetic unit 102
from the corrective operational amount IG_delay (subtracts
IG_delay (>0) from 1G_log_maps), thereby determining the
ignition timing IG_logs. In addition, here, the advance direc-
tion of the 1gnition timing 1s defined as a positive direction.

In this case, the basic 1ignition timing 1G_log_maps which
1s determined 1n the processing unit 100 1s a feed-forward
operational amount, and the detection value (latest value) of
the rotational frequency NE of the internal combustion engine
1 and the detection value (latest value) of the intake pressure
PBA are input to the processing unit 100 as indexes showing
the operation state of the internal combustion engine 1. Also,
the processing unit 100 determines CA_inj_Hih from the
input NE and PBA on the basis of a map set in advance as
shown 1n FIG. 24.

The map shown 1n FIG. 24 1s one which 1s experimentally
set so that the operation state of the internal combustion
engine 1 becomes an optimal operation state, 1n a normal
operation state (normal operation state 1n the SI mode) where
the rotational frequency NE and the intake pressure PBA are
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kept constant. In this embodiment, this map 1s the same 1n all
the cylinders 3. However, the map may be separately provided
for every cylinder 3. In addition, the map of FIG. 24 1s an
example, and this map generally varies depending on the
kinds of a low-octane fuel and a high-octane fuel, the speci-
fication of the internal combustion engine 1, etc.

Further, the corrective operational amount IG_delay which
1s determined in the retard correction processing unit 101
corrects the 1gnition timing 1G_logs, which 1s finally deter-
mined, so as to be nearer to the retard side than the basic
ignition timing IG_log maps, in a predetermined period
ranging from immediately after switching from the HCCI
mode to the first intermediate mode to the mitial stage of the
SImode, when the operation mode of the internal combustion
engine 1 shifts from the HCCI mode via the first intermediate
mode to the SI mode.

Here, 1n a case where the operation mode shifts from the
HCCI mode via the first intermediate mode to the SI mode,
the air-fuel ratio of an air-fuel mixture within the combustion
chamber 6 of the cylinder 3x tends to be biased nearer to the
rich side than a theoretical air-fuel ratio immediately after the
operation mode 1s switched to the SI mode, due to an 1nflu-
ence which 1s exerted as a low-octane fuel injected into the
intake port 10 of the cylinder 3x from the fuel supply system
17 during the operation of the internal combustion engine 1 1n
the HCCI mode adheres to the surface of a wall of the intake
port 10. For this reason, 1 the 1gnition of the fuel of an air-fuel
mixture by the 1gnition plug 30 1s performed according to the
basic 1gnition timing IG_log maps immediately after the
operation mode 1s switched to the SI mode, the output torque
of the internal combustion engine 1 becomes excessively
larger than the target torque Td. Thus, there i1s a possibility
that the output torque may fluctuate.

Thus, 1n this embodiment, by correcting the 1gnition timing,
IG_logs so as to be nearer to the retard side than the basic
ignition timing 1G_log maps by the corrective operational
amount IG_delay, 1n a predetermined period ranging from
immediately after switching from the HCCI mode to the first
intermediate mode to the mitial stage of the SI mode, the
output torque of the internal combustion engine 1 generated
by the combustion of the fuel (composite fuel) in the com-
bustion chamber 6 of the cylinder 3x 1s controlled mn a
decreasing direction.

FIG. 26 1s a graph showing a method of determining the
corrective operational amount 1G_delay by the retard correc-
tion processing unit 101. In addition, a TDC number on the
abscissa axis of the graph of FIG. 26 1s a number counted by
the crank angle where any one cylinder 3 of the internal
combustion engines 1 becomes TDC, and 1s proportional to
the number of combustion cycles of each cylinder 3 (since the
number of cylinders of the internal combustion engine 1 1s
four 1n this embodiment, the TDC number becomes four
times the number of combustion cycles).

As shown 1n this drawing, 1n this embodiment, the correc-
tive operational amount IG_delay 1s determined to be a pre-
determined value 1G_delay0 (>0) with the timing (combus-
tion cycle which 1s switched from the HCCI mode to the first
intermediate mode) which 1s switched from the HCCI mode
to the first intermediate mode. Also, 1G_delay 1s kept at
IG_delay0 1 a period T1 in the first intermediate mode.
Moreover, 1G_delay 1s determined for every combustion
cycle of the cylinder 3x so as to approach “0” gradually from
IG_delay0, 1n a predetermined time or the period of a prede-
termined TDC number 12 (hereinafter referred to as “Sl
initial correction period 127), from the timing (combustion
cycle which 1s switched from the first intermediate mode to
the SI mode) which 1s switched from the first intermediate
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mode to the SI mode. Also, the corrective operational amount
IG_delay 1s held after the lapse of the SI mnitial correction
period T2 “0.”

In addition, although the SI initial correction period T2
may be a specified time or the period of a specified number of
combustion cycles, 1t may be set according to the cylinder
inside temperature of the cylinder 3x, etc. Further, although
the predetermined value 1G_delay0 1s a fixed value, 1t may be
set according to the cylinder inside temperature of the cylin-
der 3x, etc.

By determining the corrective operational amount 1G_de-
lay as described above, the 1gnition timing I1G_logs 1s cor-
rected so as to be nearer to the retard side than the basic
ignition timing IG_log maps, 1n the period T1 1n the first
intermediate mode, and the SI initial correction period T2
immediately after switching to SI mode, at the time of shifting
from the HCCI mode to the SI mode. Further, the basic
ignition timing IG_log_maps 1s determined to be the 1gnition
timing IG_logs as 1t 1s after the lapse of the SI mitial correc-
tion period T2.

These are the specific control processing of the ignition
timing control processing unit 92.

Additionally, the ignition timing control processing unit 92
has a function as an 1gnition timing control means for a spark
ignition operation mode 1n the mmvention. Here, in this
embodiment, 1n a case where the operation mode of the inter-
nal combustion engine 1 1s the SI mode, the 1gnition timing,
IG_logs (=IG_log_maps) that 1s finally determined by the
1gnition timing control processing unit 92 in a situation where
the corrective operational amount IG_delay 1s set to “0”, that
1s, at the time of the operation of the internal combustion
engine 1 1n the SI mode other than the SI initial correction
period T2, corresponds to a normal 1gnition timing opera-
tional amount in the mvention. That 1s, the basic ignition
timing 1G_log_maps which 1s determined in the processing,
unit 100 corresponds to a normal 1gnition timing operational
amount. Accordingly, a second predetermined control rule 1n
the ivention 1s configured by the processing of the process-
ing unit 100.

Further, the SI 1mitial correction period T2 corresponds to a
second predetermined period 1n the invention. Also, the 1gni-
tion timing 1G_logs (=IG_log maps—I1G_delay) which 1s
finally determined by the 1gnition timing control processing
unit 92 corresponds to a correction 1gnition timing opera-
tional amount 1n the 1vention, at the time of the operation of
the internal combustion engine 1 1n the SI mode 1n the second
predetermined period. Accordingly, 1t can be said that the
correction 1gnition timing operational amount 1s a amount
which 1s determined by correcting the normal 1gnition timing,
operational amount which 1s the basic 1gnition timing 1G_
log_maps determined by the processing umit 100 by the cor-
rective operational amount IG_delay determined 1n the retard
correction processing unit 101.

Next, the 1gnition duty control processing unit 93 will be
explained. The control processing of the 1gnition timing con-
trol processing unit 92 corresponding to the cylinder 3x 1s
performed as follows with predetermined timing synchro-
nized with the combustion cycle (two rotations of the crank-
shaft 8) of the cylinder 3x.

The 1gnition duty control processing unit 93 is constituted
by the processing unit 103 as shown 1in FIG. 8, and the ignition
duty IG_dutys 1s determined by the processing umt 103. In
this case, 1gnition duty 1G_dutys 1s a feed-forward opera-
tional amount, and the detection value (latest value) of the
rotational frequency NE of the internal combustion engine 1
and the detection value (latest value) of the intake pressure
PBA are input to the processing unit 103 as indexes showing
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the operation state of the internal combustion engine 1. Also,
the processing unit 103 determines 1G_dutys from the input
NE and PBA on the basis of a map set in advance as shown in
FIG. 25.

The map shown 1n FIG. 25 1s one which 1s experimentally
set so that the operation state of the internal combustion
engine 1 becomes an optimal operation state, in a normal
operation state (normal operation state 1n the SI mode) where
the rotational frequency NE and the intake pressure PBA are
kept constant. In this embodiment, this map 1s the same 1n all
the cylinders 3. However, the map may be separately provided
for every cylinder 3. In addition, the map of FIG. 25 1s an
example, and this map generally varies depending on the
kinds of a low-octane fuel and a high-octane fuel, the speci-
fication of the internal combustion engine 1, etc.

These are the specific control processing of the ignition
duty control processing unit 93.

As described above, 1n the SI control processing unit 42,
the fuel injection times T1_His and Ti_Los, and the fuel 1njec-
tion timings CA_1inj_His and CA_inj_ILos are determined as
operational amounts which specity the operations of the fuel
injectors 17 and 18 for every cylinder 3 1n a case where the
internal combustion engine 1 1s operated in the SI mode.
Further, the 1gnition timing 1G_logs and the 1gnition duty
IG_dutys are determined as operational amounts which
specily the operation of the 1ignition plug 30 for every cylinder
3. In addition, 1n this embodiment, the arithmetic processing
of the SI control processing unit 42 1s executed during the
operation of the internal combustion engine 1, regardless of
the operation mode. However, when the operation mode 1s the
HCCI mode, the arithmetic processing of the SI control pro-
cessing unit 42 may be stopped.

Next, the control processing of the output determination
processing unit 43 will be explained.

When the operation mode 1s the HCCI mode, the output
determination processing unit 43, the fuel injection times
T1_Hih and Ti_Loh and the fuel injection timings CA_
inj_Hih and CA_inj_Ioh which are determined by the HCCI
control processing unit 41 as mentioned above are determined
as controlling operational amounts which specify the actual
operations of the tuel injectors 17 and 18 for every cylinder 3
as they are. Also, the operations of the fuel injectors 17 and 18
are controlled according to the controlling operational
amounts. Thereby, the operation of the internal combustion
engine 1 1 the HCCI mode 1s performed.

Further, when the operation mode 1s the SI mode, the
output determination processing unit 43 determines the fuel
injection times T1_His and Ti_Los and the fuel injection tim-
ings CA_inj_His and CA_1nj_Los for every cylinder 3 deter-
mined as mentioned above by the SI control processing unit
42, as controlling operational amounts which specily the
actual operations of the fuel mnjectors 17 and 18 for every
cylinder 3 as they are. Also, the operations of the fuel injectors
17 and 18 are controlled according to the controlling opera-
tional amounts. Moreover, the output determination process-
ing unit 43 determines the 1ignition timing IG_losg and the
1gnition duty IG_dutys for every cylinder 3 which are deter-
mined as mentioned above by the SI control processing unit
42, as controlling operational amounts which specifies the
operation of the 1gnition plug 30 for every cylinder 3 as it 1s.
Also, the 1gnition plug 30 1s controlled according to the con-
trolling operational amounts. Thereby, the operation of the
internal combustion engine 1 1n the SI mode 1s performed.

Meanwhile, the output determination processing unit 43
determines the fuel injection times T1_Lo and Ti_Hi and the
tuel imjection timings CA_inj_Lo and CA_1inj_Hi as control-
ling operational amounts which specity the actual operations
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of the tuel injectors 17 and 18 for every cylinder 3, according
to the following Expressions (1) to (4), 1n the first intermedi-
ate mode 1n case where the operation mode shifts from the
HCCI mode to the SI mode. In addition, T1i Lo and CA_
in]_ILo are controlling operational amounts which specify the
operation of the fuel injector 17 for a low-octane fuel, and
T1_Hi and CA_inj_Hi are controlling operational amounts
which specily the operation of the fuel injector 18 for a
high-octane fuel. Further, 1n this first intermediate mode, the
output determination processing unit 43 determines the 1gni-
tion timing 1G_log and the 1gnition duty 1G_duty as control-
ling operational amounts which specifies the operation of the
1gnition plug 30 for every cylinder 3 according to the follow-
ing Expressions (5) and (6).

1i Lo=Ti Los+(Ii_Loh(0)-1i_ Los)*K_ Lo HS (1)

i Hi=T_His+(Ti_Hih(0)-Ti_His)*K_Hi HS (2)

CA_mnj_Lo=CA_inj_Los (3)

CA_inj Hi=CA_inj His (4)

IG_log=IG logs+iG_add_HS (3)

IG_duty=IG_dutys (6)

Here, Ti_Loh (0)1n Expression (1) 1s the fuel injection time
T1_Loh for a low-octane fuel which 1s determined by the
HCCI control processing unit 41 with the timing of switching
trom the HCCI mode to the first intermediate mode or imme-
diately before the timing. Also, K_Lo_HS 1s a coefficient
which specifies a change pattern of Ti_Lo in the first inter-
mediate mode.

Similarly, T1_Hih (0) in Expression (2) 1s the fuel injection
time T1_Hih for a high-octane fuel which 1s determined by the
HCCI control processing unit 41 with the timing of switching
from the HCCI mode to the first intermediate mode or imme-
diately before the timing. Also, K_Hi_HS 1s a coefficient
which specifies a change pattern of T1_Hi in the first interme-
diate mode.

Further, IG_add_HS in Expression (5) 1s an 1ignition timing,
adjustment amount which specifies a change pattern of the
ignition timing 1G_log 1n the first intermediate mode.

As clear from the above Expressions (3), (4), and (6), in this
embodiment, the fuel mjection timings CA_inj_Lo and
CA_1nj_Hi which are controlling operational amounts which
specily the fuel injection timings of individual kinds of fuels
in the first intermediate mode are determined to be the fuel
injection timings CA_1inj_Los and CA_inj_His which are
determined by the SI control processing unit 42, 1.¢., to be the
fuel 1njection timings which are suitable for the operation of
the internal combustion engine 1 1n the SI mode which 1s an
operation mode following the first intermediate mode. Fur-
ther, the ignition duty IG_duty 1s determined to be the 1gnition
duty 1G_dutys determined by the SI control processing unit
42.

On the other hand, the fuel injection times T1_Lo and T1_Hi
which are determined by Expressions (2) and (3), respec-
tively, are determined so as to follow the fuel injection times
T1_Los and Ti_His which are determined for every combus-
tion cycle of each cylinder 3 by the SI control processing unit
42 1n the first intermediate mode (and finally so as to coincide
with Ti1_Los and Ti_His, respectively) 1in a change pattern
(this corresponds to a first pattern 1n the invention) according
to the values of the coefficients K Lo HS and K Hi HS.
Further, the 1ignition timing 1G_log which 1s determined by
Expression (35) 1s determined so as to change with respect to
the 1gnition timing IG_logs determined by the SI control
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processing unit 42 in the first intermediate mode, and finally
so as to coincide with 1G_logs, 1n a change pattern according,

to the value of the 1gnition timing adjustment amount 1G_
add HS.

In this embodiment, the output determination processing,
unit 43 sequentially determines the coelficients K_Lo_ HS
and K_Hi_HS and the i1gnition timing adjustment amount
IG_add_HS according to a TDC number counted from the
start of the first intermediate mode, 1n a pattern as shown 1n
the table of FIG. 27. Also, the output determination process-
ing unit 43 performs the operation of Expressions (1), (2), and
(5) using the determined coeflicients K_Lo_HS and
K_Hi_HS and the 1gnition timing adjustment amount 1G_
add_HS, thereby determining Ti_Lo, Ti_Hi, and IG_log,
respectively.

In this case, in the first intermediate mode, the intake air
amount (air supply amount) to the combustion chamber 6 of
cach cylinder 3 decreases gradually by the control processing
of the throttle-valve control processing unit 44 mentioned

above. Also, 1n the table of FIG. 27, K Lo HSand K_Hi HS

are set so that the air-fuel ratio of an air-fuel mixture within
the combustion chamber 6 according to the decreasing form
of the intake air amount to the combustion chamber 6, and the
supply amounts of a low-octane fuel and a high-octane fuel to
the combustion chamber 6 of each cylinder 3 specified by
T1_Lo and Ti_Hi determined by Expressions (1) and (2),
respectively, becomes rich gradually, during the operation of
the internal combustion engine 1 1n the first intermediate
mode. Stmultaneously, 1n the table of F1G. 27, K_Lo_HS and
K_Hi_HS are set so that the ratio (the ratio of the supply
amount of a high-octane fuel to the total of the supply
amounts of the fuels) of the supply amount of a high-octane
fuel to the supply amount of a low-octane fuel, which 1s
specified by T1_Lo and T1_Hi determined by Expressions (1)
and (2), respectively, becomes high gradually, during the
operation of the internal combustion engine 1 in the first
intermediate mode.

In an example shown 1n FIG. 27, K_Lo_HS and K_Hi1_HS
first increase from a positive 1nitial value near *“1”” to a larger
value than “1” after the start of the first intermediate mode,
then approach “0”, and are finally kept at “0.” Further,

K_Hi_ HS approaches “0” earlier than K_Lo_HS.

Further, 1n the table of FIG. 27, the 1gnition timing adjust-
ment amount IG_add_HS 1s set so that the 1gnition timing
IG_log determined by Expression (5) becomes an 1gnition
timing suitable for the air-fuel ratio of an air-fuel mixture
within the combustion chamber 6 of each cylinder 3, during
the operation of the internal combustion engine 1 1n the first
intermediate mode. In the illustrated example, 1G_add_Hs
first changes 1n the advance direction (forward direction)
from the 1nitial value (positive value) on the advance side after
the start of the first intermediate mode, and then, gradually
changes to a value (negative value) nearer to the retard side
than “0.” Thereafter, 1G_add _Hs changes again in the
advance direction (positive direction), approaches “0,” and 1s
finally kept at “0.”

These coellicients K_ILo_HS and K_Hi_HS, and the 1gni-
tion timing adjustment amount 1G_add_HS are experimen-
tally set so that the air-fuel ratio of an air-fuel mixture to be
charged into the combustion chamber 6, the 1gnition perfor-
mance ol a composite fuel, etc. are smoothly shifted from a
state suitable for the operation of the internal combustion
engine 1 1nthe HCCI modeto a state suitable for the operation
of the internal combustion engine 1 1n the SI mode, while
combustion of a composite fuel in the combustion chamber 6
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of each cylinder 3 is properly performed at the time of the
operation of the internal combustion engine 1 1n the first
intermediate mode.

In the first intermediate mode, the output determination
processing unit 43 adopts the fuel injection timings T1_Hi and
T1_Lo and the fuel injection timings CA_1inj_Hi and CA_
inj_Lo for every cylinder 3, which are determined as
described above, as controlling operational amounts which
specily the actual operations of the fuel 1injectors 17 and 18,
and controls the operations of the fuel injectors 17 and 18
according to the controlling operational amounts.

Further, the output determination processing unit 43 adopts
the 1gnition timing 1G_log and the 1gnition duty I1G_duty for
every cylinder 3, which are determined described above, as
controlling operational amounts which specity the actual
operation of the ignition plug 30, and controls the operation of
the 1ignition plug 30 according to the controlling operational
amounts. Further, the output determination processing unit
43 determines the fuel injection times T1_Lo and T1_Hi and
the fuel 1njection timings CA_inj_Lo and CA_1inj_Hi by fol-
lowing Expressions (11) to (14), 1n the second intermediate
mode 1n a case where the operation mode shiits from the SI
mode to the HCCI mode. Further, 1n the second intermediate
mode, the output determination processing unit 43 deter-
mines the i1gnition timing 1G_log and the i1gnition duty
IG_duty by the following Expressions (15) and (16).

7i_ Lo=Ti Loh+(1i_Los(0)-1i_ Loh)*K_ Lo SH

(11)

Ti Hi=Ti_ Hih+(Ti_His(0)-Ti__Hih)*K_Hi SH (12)

CA_inj_Lo=CA_inj_Loh (13)

CA_inj Hi=CA_inj Hih (14)

IG_log=IG logs+IG add_ SH (15)

IG_duty=IG_dutys (16)

Here, T1_Los (0) 1n Expression (11) 1s the fuel imjection
time T1_Los for a low-octane fuel which 1s determined by the
SI control processing unit 42 with the timing of switching
from the SI mode to the second intermediate mode or imme-
diately before the timing. Also, K_Lo_SH 1s a coefficient
which specifies a change pattern of Ti_Lo in the second
intermediate mode.

Similarly, T1_His (0) 1n Expression (12 ) 1s the fuel injection
time T1_His for a high-octane fuel which 1s determined by the
SI control processing unit 42 with the timing of switching
from the SI mode to the second intermediate mode or imme-
diately before the timing. Also, K_Hi_SH 1s a coefficient
which specifies a change pattern of Ti_Lo in the second
intermediate mode.

Further, IG_add_SH in Expression (135) 1s an 1gnition tim-
ing adjustment amount which specifies a change pattern of
the 1gnition timing IG_log 1n the second intermediate mode.

As clear from the above Expressions (13), (14),and (16),1n
this embodiment, the fuel injection timings CA_1inj_Lo and
CA_1nj_Hi which are controlling operational amounts which
specily the fuel injection timings of individual kinds of fuels
in the first mntermediate mode are determined to be the fuel
injection timings CA_1inj_Loh and CA_inj_Hih which are
determined by the HCCI control processing unit 41, 1.e., to be
the tuel injection timings which are suitable for the operation
of the internal combustion engine 1 1n the HCCI mode which
1s an operation mode after the completion of the second
intermediate mode. Further, the ignition duty 1G_duty is
determined to be the 1gnition duty IG_dutys determined by
the SI control processing unit 42.
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On the other hand, the fuel injection times T1_Lo and T1_Hi
which are determined by Expressions (12) and (13), respec-
tively, are determined so as to follow the fuel injection times
T1_Loh and Ti_Hih which are determined for every combus-
tion cycle of each cylinder 3 by the HCCI control processing
unit 41 1n the second intermediate mode (and finally so as to
coincide with Ti1_Loh and Ti1_Hih, respectively) in a change
pattern (this corresponds to a second pattern in the invention)
according to the values of the coeflicients K_IL.o_SH and
K_Hi_SH. Further, the ignition timing IG_log which 1s deter-
mined by Expression (135) 1s determined so as to change with
respect to the 1gnition timing IG_logs determined by the SI
control processing unit 42 1n the second intermediate mode,
and finally so as to coincide with IG_logs, 1n a change pattern

according to the value of the i1gnition timing adjustment
amount IG _add SH.

In this embodiment, the output determination processing,
unit 43 sequentially determines the coetficients K_Lo_SH
and K_Hi_SH and the i1gnition timing adjustment amount
IG_add_SH according to a TDC number counted from the
start of the second intermediate mode, 1n a pattern as shown 1n
the table of FIG. 28. Also, the output determination process-
ing unit 43 performs the operation of Expressions (11), (12),
and (15) using the determined coetlicients K_I.o_SH and
K_Hi SH and the i1gnmition timing adjustment amount
IG_add_SH, thereby determining T1_Lo, Ti_Hi, and IG_log,
respectively.

In this case, 1n the second intermediate mode, the intake air
amount (air supply amount) to the combustion chamber 6 of
cach cylinder 3 increases gradually by the control processing
of the throttle-valve control processing unit 44 mentioned
above. Also, 1n the table of FIG. 28, K .o SHand K _Hi SH
are set so that the air-fuel ratio of an air-fuel mixture within
the combustion chamber 6 according to the increasing form of
the intake air amount to the combustion chamber 6, and the
supply amounts of a low-octane fuel and a high-octane fuel to
the combustion chamber 6 of each cylinder 3 specified by
T1_Lo and Ti_Hi determined by Expressions (11) and (12),
respectively, becomes lean gradually, during the operation of
the internal combustion engine 1 1n the second intermediate
mode. Simultaneously, 1n the table of F1G. 28, K_TL.o_SH and
K_Hi_SH are set so that the ratio (the ratio of the supply
amount of a low-octane fuel to the total of the supply amounts
of the fuels) of the supply amount of a high-octane fuel to the
supply amount of a low-octane fuel specified by T1_Lo and
T1_Hidetermined by Expressions (11) and (12), respectively,
becomes high gradually, during the operation of the internal
combustion engine 1 1n the second 1intermediate mode.

In an example shown in FI1G. 28, K_Lo_SH first increases
in a negative direction from a negative value after the start of
the first intermediate mode, then approaches “0”, and 1s
finally kept at “0.”

Further, K_Lo_SH first increases in a negative direction
from a positive 1nitial value after the start of the first interme-
diate mode, then approaches “0”, and 1s finally kept at *0.”

Further, 1n the table of FIG. 28, the 1gnition timing adjust-
ment amount IG_add_SH 1s set so that the ignition timing
IG_log determined by Expression (15) becomes an 1gnition
timing suitable for the air-fuel ratio of an air-fuel mixture
within the combustion chamber 6 of each cylinder 3, during
the operation of the internal combustion engine 1 1n the sec-
ond intermediate mode. In the illustrated example,
IG_add_SH changes 1n the retard direction gradually from an
initial value which 1s “0” after the start of the second inter-
mediate mode, and 1s finally kept at a predetermined value
(—a) on the retard side.
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These coellicients K_Lo_SH and K_Hi_SH, and the 1gni-
tion timing adjustment amount 1G_add_HS are experimen-
tally set so that the air-fuel ratio of an air-fuel mixture to be
charged into the combustion chamber 6, the 1gnition pertor-
mance ol a composite fuel, etc. are smoothly shifted from a
state suitable for the operation of the internal combustion
engine 1 1n the SI mode to a state suitable for the operation of
the internal combustion engine 1 1 the HCCI mode, while
combustion of a composite fuel 1in the combustion chamber 6
of each cylinder 3 1s properly performed at the time of the
operation of the internal combustion engine 1 in the second
intermediate mode.

In the second intermediate mode, the output determination
processing unit 43 adopts the fuel injection timings Ti_Hiand
T1_Lo and the fuel imjection timings CA_1nj_Hi and CA_
in]_Lo for every cylinder 3, which are determined as
described above, as controlling operational amounts which
specily the actual operations of the fuel 1injectors 17 and 18,
and controls the operations of the fuel injectors 17 and 18
according to the controlling operational amounts. Further, the
output determination processing unit 43 adopts the 1gnition
timing 1G_log and the 1gnition duty 1G_duty for every cylin-
der 3, which are determined described above, as controlling
operational amounts which specily the actual operation of the
ignition plug 30, and controls the operation of the 1gnition
plug 30 according to the controlling operational amounts.

These are the details of the control processing of the output
determination processing unit 43. Additionally, this output
determination processing unit 43 constitutes an intermediate
mode control means 1n the invention, 1n conjunction with the
throttle control processing unit 44.

Next, the effects by the apparatus of this embodiment will
be explained with reference to FIGS. 29 and 30. FIG. 29 1s a
graph 1llustrating variations with time, such as the rotational
frequency NE of the internal combustion engine 1 1n a case
where the operation mode shifts from the HCCI mode to the
SI mode. Further, FIG. 30 1s a graph illustrating variations
with time, such as the rotational frequency NE of the internal
combustion engine 1 1n a case where the operation mode
shifts from the SI mode to the HCCI mode.

First, the situation shown in FI1G. 29 1s a situation where the
operation mode 1s switched from the HCCI mode via the first
intermediate mode to the SI mode, while the target torque Td
increases, as indicated by a broken line 1n a graph at a first
stage from the top of FIG. 29. In this situation, by the control
processing of the throttle-valve control processing unit 44,
and the control of the opening degree of the throttle valve 16
according thereto, the mtake pressure PBA detected by the
intake pressure sensor 20 decreases gradually in the first
intermediate mode, as shown 1n a graph at a second stage of
FI1G. 29. Furthermore, in the first intermediate mode, the
intake air amount (air supply amount) to the combustion
chamber 6 of each cylinder 3 decreases gradually.

Further, at this time, the fuel 1njection times T1_Lo and
T1_Hi are respectively determined by the aforementioned
Expressions (1) and (2) 1n the output determination process-
ing unit 43, whereby the supply amount of a low-octane tuel
and the supply amount of a high-octane fuel to the combus-
tion chamber 6 of each cylinder 3 change as shown 1n a graph
at a fourth stage of F1G. 29, 1n the first intermediate mode. For
this reason, the air-fuel ratio of an air-fuel mixture to be
charged into the combustion chamber 6 of each cylinder 3
(air-fuel ratio A/F which 1s detected by the air-fuel ratio
sensor 31) becomes rich gradually 1n the first intermediate
mode, as shown 1n a graph at a third stage of FIG. 29. Further,
the octane value of a composite fuel composed of a low-
octane fuel and a high-octane fuel becomes high gradually 1in
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the first intermediate mode, as shown in the graph at the
second stage of FIG. 29. Furthermore, the 1gnition perfor-
mance ol the composite fuel 1s gradually degraded 1n the first
intermediate mode. Additionally, the octane value shown 1n
FIG. 29, more specifically, 1s an octane value, 1.¢., the average
octane value of a composite fuel which is defined as a value
obtained by adding together a value obtained by multiplying
the octane value of alow-octane fuel by the ratio of the supply
amount of the low-octane fuel to the total amount of the
composite fuel which 1s a total of the supply amount of the
low-octane fuel and the supply amount of a high-octane fuel,
and a value obtained by multiplying the octane value of the
high-octane fuel by the ratio of the supply amount of the
high-octane fuel to the total amount of the composite tuel.

Further, as shown in the graph at the fourth stage of FIG.
29, the actual 1gnition timing of an air-fuel mixture by the
ignition plug 30 changes in the same pattern as the 1g111t1011
timing adjustment amount 1G_add_HS shown 1n FIG. 27, in
the first intermediate mode. In this case, since the ignition
timing 1G_log which 1s determined by the atorementioned
1gnition timing control processing unit 92 immediately after
switching from the first intermediate mode to the SI mode 1s
corrected toward the retard side, the 1gnition timing shown 1n
FIG. 29 1s biased toward the retard side immediately after the
switching from the first intermediate mode to the SI mode.
Also, with the lapse 1 time in the SI mode, 1gnition timing
gradually advances toward an original ignition timing (IG_
log_maps).

At the time of shifting from the HCCI mode to the SI mode,
an air-fuel ratio, the supply amounts of individual kinds of
fuels, etc. are controlled as described above. Therefore, as
shown 1n the graph at the first stage of FIG. 29, the actual
output torque (detection value) of the internal combustion
engine 1 smoothly follows the target torque Td with high
stability. Further, the rotational frequency NE (detection
value) of the internal combustion engine 1 also changes
smoothly.

Next, the situation shown in F1G. 30 1s a situation where the
operation mode 1s switched from the SI mode via the second
intermediate mode to the HCCI mode, while the target torque
Td decreases, as indicated by a broken line 1n the graph at the
first stage from the top of FIG. 30. In this situation, by the
control processing of the throttle-valve control processing
umt 44, and the control of the opening degree of the throttle
valve 16 according thereto, the intake pressure PBA detected
by the intake pressure sensor 20 increase gradually in the
second intermediate mode, as shown 1n the graph at the sec-
ond stage of FI1G. 30. Furthermore, 1n the second intermediate
mode, the mtake air amount (air supply amount) to the com-
bustion chamber 6 of each cylinder 3 increases gradually.

Further, at this time, the fuel imjection times Ti_Lo and
T1_Hi are respectively determined by the aforementioned
Expressions (11) and (12) in the output determination pro-
cessing unit 43, whereby the supply amount of a low-octane
tuel and the supply amount of a high-octane fuel to the com-
bustion chamber 6 of each cylinder 3 change as shown 1n the
graph at the fourth stage of FI1G. 30, 1n the second intermedi-
ate mode. For this reason, the air-fuel ratio of an air-fuel
mixture to be charged 1nto the combustion chamber 6 of each
cylinder 3 (air-fuel ratio A/F which 1s detected by the air-fuel
ratio sensor 31) becomes lean gradually 1n the second inter-
mediate mode, as shown in the graph at the third stage of FIG.
30. Further, the octane value of a composite fuel composed of
a low-octane fuel and a high-octane fuel becomes low gradu-
ally 1n the second intermediate mode, as shown 1n the graph at
the second stage of FIG. 30. Furthermore, the 1gnition per-

formance of the composite fuel 1s gradually enhanced 1n the
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first intermediate mode. Additionally, the octane value shown
in FIG. 30 15 an octane value which 1s defined similarly to the
octane value shown 1n FIG. 29.

In addition, immediately after switching from the second
intermediate mode to the HCCI mode, the octane value of a
composite fuel 1s biased toward the high-octane side by the
third corrective operational amounts K_SH_ILoh and K_
SH_Hih which are determined by the SH correction process-
ing umt 57, and the octane value of the composite fuel falls to
an original octane value gradually with the lapse of time 1n the
HCCI mode.

Further, as shown in the graph at the fourth stage of FIG.
30, the actual 1gnition timing of an air-fuel mixture by the
ignition plug 30 changes in the same pattern as the 1gnition
timing adjustment amount IG_add_SH shown 1n FIG. 28, in
the second intermediate mode.

Atthe time of shifting from the SI mode to the HCCI mode,
an air-fuel ratio, the supply amounts of individual kinds of
fuels, etc. are controlled as described above. Therefore, as
shown 1n the graph at the first stage of FIG. 30, the actual
output torque (detection value) of the internal combustion
engine 1 smoothly follows the target torque Td with high
stability. Further, the rotational frequency NE (detection
value) of the internal combustion engine 1 also changes
smoothly.

As described above, the operation mode between the SI
mode and the HCCI mode can be smoothly shifted without
causing tluctuations in the output torque of the internal com-
bustion engine 1, etc, by interposing the first intermediate
mode or the second intermediate mode at the time of shifting
of the operation mode between SI mode and HCCI mode
according to this embodiment. Further, combustion of a fuel
(composite fuel) 1n each intermediate mode can be stably
performed with suitable combustion timing, and an excessive
combustion noise can be prevented from being generated at
the time of shifting of the operation mode between the SI
mode and HCCI mode, or knocking can be prevented from
occurring.

In addition, 1n this embodiment, the ion current F/B pro-
cessing unit and the acceleration-and-deceleration correction
processing unit 56 are provided in the fuel injection time
control processing unit 50 of the HCCI control processing
unit 41, but both or any one of them may be omitted. Further,
the acceleration-and-deceleration correction processing unit
97 1s provided 1n the combustion injection timing control
processing unit 50 of the SI control processing unit 42, but 1t
may be omitted.

Further, 1n the above embodiment, the number of kinds of
tuels to be used 1n the internal combustion engine 1 1s two.
However, three or more kinds of fuels from whose octane
values are different may be used.

What 1s claimed 1s:

1. A controller of an 1nternal combustion engine which 1s
operable 1n a compression 1gnition operation mode i which
an air-fuel mixture charged mto a combustion chamber of a
cylinder 1s compressed, and thereby, the fuel of the air-tuel
mixture 1s self-1gnited and combusted, and 1n a spark 1gnition
operation mode 1n which the fuel of the air-fuel mixture 1s
ignited and combusted by spark 1gnition,

the controller comprising a first intermediate mode which,

in a case where the operation mode of the internal com-
bustion engine 1s shifted from the compression i1gnition
operation mode to the spark 1ignition operation mode, 1s
interposed between both the operation modes, and a
second intermediate mode which, 1n a case where the
operation mode of the internal combustion engine is
shifted from the spark 1gnition operation mode to the
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compression ignition operation mode, 1s 1nterposed
between both the operation modes, and

the controller comprising an intermediate mode control
means which controls an air supply amount and a fuel
supply amount to the combustion chamber so that the
air-fuel ratio of the air-fuel mixture becomes rich gradu-
ally 1n the first intermediate mode, and which controls
the air supply amount and the fuel supply amount to the
combustion chamber so that the air-fuel ratio of the
air-fuel mixture becomes lean gradually 1n the second
intermediate mode.

2. The controller of an internal combustion engine accord-
ing to claim 1, comprising:

an intake-air controlling means which has a first target
intake state quantity determining means which deter-
mines a first target value of an 1intake state quantity as a
state quantity which specifies, according to the opera-
tion state of the internal combustion engine, an air sup-
ply amount required in a case where the mternal com-
bustion engine 1s operated 1n the compression 1gnition
operation mode, a second target intake state quantity
determining means which determines, according to the
operation state of the internal combustion engine, a sec-
ond target value of an intake state quantity required in a
case where the internal combustion engine 1s operated 1n
the spark 1gnition operation mode, and an intake state
quantity detecting means which detects the intake state
quantity, and which controls the opening degree of a
throttle valve provided 1n an intake passage of the inter-
nal combustion engine according to a deviation between
this first target value or the second target value, and the
detected intake state quantity, so that the detected intake
state quantity 1s brought close to the first target value at
the time of the operation of the internal combustion
engine in the compression 1gnition operation mode and
the second intermediate mode, and so that the detected
intake state quantity 1s brought close to the second target
value at the time of the operation of the internal com-
bustion engine 1n the spark 1gnition operation mode and
the first intermediate mode;

a control processing means for a compression ignition
operation mode which determines, at least according to
the operation state of the internal combustion engine,
operational amounts for a compression 1gnition opera-
tion mode including at least operational amounts which
specily the fuel supply amount and fuel supply timing to
the combustion chamber 1n a case where the internal
combustion engine 1s operated in the compression 1gni-
tion operation mode; and

a control processing means for a spark 1gnition operation
mode which determines, at least according to the opera-
tion state of the internal combustion engine, operational
amounts for a spark 1ignition operation mode including at
least operational amounts which specity the tuel supply
amount and fuel supply timing to the combustion cham-
ber 1n a case where the mternal combustion engine 1s
operated 1n the spark 1gnition operation mode,

wherein the first target intake state quantity determining
means and the second target intake state quantity deter-
mining means are means which respectively determine
the first target value and the second target value so that an
air supply amount specified by the first target value
becomes larger than an air supply amount specified by
the second target value, at least 1n the operation state of
the internal combustion engine where the operation
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mode 1s to be shifted between the compression 1gnition 4. The controller of an internal combustion engine accord-
operation mode and the spark 1gnition compression 1gn1- ing to claim 2,

tion operation mode, and wherein the fuel supply system 1s capable of supplying a
wherein the intermediate mode control means includes the

the combustion chamber in the second intermediate
mode.

plurality of kinds of fuels whose octane values are dii-

intake-air controlling means as a means which controls 5 ferent from each other to the combustion chamber, and is
the air supply amount at the time of the operation of the capable of adjusting the supply amounts of the plurality
internal combustion engine 1n the first intermediate of kinds of fuels,
mode and the second intermediate mode, the means wherein an operational amount relating to the fuel supply
which controls the fuel supply amount at the time of the amount among the operational amounts for a compres-
operation of the mternal combustion engine 1n the first 10 sion ignition operation mode determined by the control
intermediate mode includes a means which determines a processing means for a compression ignition operation
controlling operational amount which specifies an mode, an operational amount relating to the fuel supply
actual fuel supply amount to the combustion chamber, amount among the operational amounts for a spark igni-
from an operational amount relating to the fuel supply tion operation mode determined by the control process-
amount among the operational amounts for a compres- 15 ing means for a spark ignition operation mode, and a
sion 1gnition operation mode determined by the control controlling operational amount relating to the fuel sup-
processing means for a compression ignition operation ply amount determined by the imtermediate mode con-
mode at the time ot the completion of the compression trol means are respectively composed of an operational
ignition operation mode so that the controlling opera- amount which specifies the supply amount of each kind
tional amount follows an operational amount relating to 20 of the fuel.
the fuel supply amount among the operational amounts wherein the first predetermined pattern at the time of the
for a spark ignition operation mode determined by the operation of the internal combustion engine in the first
control processing means for a spark ignition operation intermediate mode is composed of a pattern separately
mode during the operation of the internal combustion set in advance for each kind of the fuel so that the ratio of
engine in the first intermediate mode while being 23 a fuel supply amount specified by a controlling opera-
changed in a first predetermined pattern, and which con- tional amount relating to a higher-octane fuel increases
trols a fuel supply system provided in the internal com- gradually with respect to the total amount of the plurality
bustion engine according to the determined controlling of kinds of fuels specified by the controlling operational
operational amount, and th? means which coﬁntrols the amounts relating to the fuel supply amounts of the plu-
fuel supply amount at the time of the operation of the 30 rality of kinds of fuels, respectively, and
inter na}l combustion chgihe 1 the seciond tnter medliate wherein the second predetermined pattern at the time of the
mode %ncludes 4 means which Fletermmes a controlling operation of the iternal combustion engine 1n the sec-
operational amount Wh_lCh specifies an actual fuel quply ond intermediate mode 1s composed of a pattern sepa-
amount 1o the: combustion chamber, from an operational rately set in advance for each kind of the fuel so that the
amount r clating to the luel sup.plyi amount among the 33 ratio of a fuel supply amount specified by a controlling
operatlfmal amounts for a spark ignition operation mode operational amount relating to a lower-octane fuel
.detfter.mmed by ‘the control PIOCESSLLE MEALS for a.spark increases gradually with respect to the total amount of
lgnition operation mode at the time of the completloq of the plurality of kinds of fuels specified by the controlling
the SpE}I’k 1gnition operation mode so ’Fhat the controlling operational amounts relating to the fuel supply amounts
f)peratlonal amount follows an operational amount 1jelat- 40 of the plurality of kinds of fuels, respectively.
ing to the fuel supply amount among the operational . . .
amounts for a compression ignition operation mode | 5. Thia E:ontroller of an internal combustion engine accord-
determined by the control processing means for a com- ing to ¢ A 4 _ .
pression ignition operation mode during the operation of Wh.ere.u.l the COHtlel PIOTLSHULS TS for a compression
the mnternal combustion engine 1n the second intermedi- 45 ignition operatlo{l mode ncludes: S
ate mode while being changed in a second predeter- the conﬂ:ol processing means for a compression ignition
mined pattern, and which controls the fuel supply sys- operation mode includes:
tem according to the determined controlling operational a means which determines an operational amount group
amount. which 1s a set of the operational amounts relating to the
3. The controller according to claim 1, 50 plurality of kinds of fuels, among the operational
wherein the fuel supplied to the combustion chamber 1s amounts which specity the supply amounts of the plu-
composed of a plurality of kinds of fuels whose octane rality ot kinds of fuels to the combustion chamber, at
values are different from each other and whose supply least by a first predetermined control rule according to
amounts are adjustable, and the operation state of the internal combustion engine, at
wherein the intermediate mode control means further 55 the time of the operation of the internal combustion
includes a means which adjusts the mutual ratio of the engine in the compression ignition operation mode
supply amounts of the plurality of kinds of fuels so that excluding afirst predetermined period immediately atter
the ratio of the supply amount of a higher-octane fuel the switching from the second intermediate mode to the
increases gradually with respect to the total amount of compression ignition operation mode, and
the plurality of kinds of fuels supplied to the combustion 60  a means which determines an operational amount group
chamber 1n the first intermediate mode, and adjusts the which 1s obtained by correcting at least one operational
mutual ratio of the supply amounts of the plurality of amount, among a normal operational amount group that
kinds of fuels so that the ratio of the supply amount of a 1s the operational amount group which 1s determined by
lower-octane fuel increases gradually with respect to the the first predetermined control rule, at the time of the
total amount of the plurality of kinds of fuels suppliedto 65 operation of the internal combustion engine 1n the com-

pression ignition operation mode 1n the first predeter-
mined period,
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wherein the means which determines the correction opera-

tional amount group 1s a means which corrects the cor-
rection operational amount group so that the ratio of the
supply amount of a higher-octane fuel increases more
than a ratio specified by a normal operational amount
group determined by the first predetermined control
value, with respect to the total amount of the plurality of
kinds of fuels specified by the correction operational
amount group, and

wherein the fuel supply system 1s controlled according to

the correction operational amount group determined by
the control processing means for a compression 1gnition
operation mode at the time of the operation of the inter-
nal combustion engine in the compression ignition
operation mode 1n the first predetermined period, and the
fuel supply system 1s controlled according to a normal
operational amount group determined by the control
processing means for a compression 1gnition operation
mode at the time of the operation of the mternal com-
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operation mode to the spark 1gnition operation mode, 1s
interposed between both the operation modes, and a
second 1ntermediate mode which, 1n a case where the
operation mode of the internal combustion engine 1s
shifted from the spark 1gnition operation mode to the
compression 1gnition operation mode, 1s interposed
between both the operation modes,

the controller comprising an intermediate mode control

means which adjusts the mutual ratio of the supply
amounts of the plurality of kinds of fuels so that the ratio
of the supply amount of a higher-octane fuel increases
gradually with respect to the total amount of the plurality
of kinds of fuels supplied to the combustion chamber 1n
the first intermediate mode, and adjusts the mutual ratio
of the supply amounts of the plurality of kinds of fuels so
that the ratio of the supply amount of a lower-octane fuel
increases gradually with respect to the total amount of
the plurality of kinds of fuels supplied to the combustion
chamber 1n the second mtermediate mode.

bustion engine in the compression i1gnition operation 20
mode excluding the first predetermined period.
6. The controller of an internal combustion engine accord-
ing to claim 1, comprising
an 1gnition timing control means for a spark 1gnition opera-

8. The controller of an internal combustion engine accord-
ing to claim 7, comprising:

a control processing means for a compression ignition

operation mode which determines, at least according to

the operation state of the internal combustion engine,

tion mode which determines an 1gnition timing opera- 25 operational amounts for a compression 1gnition opera-
tional amount which specifies the 1ignition timing of the tion mode including at least operational amounts which
air-fuel mixture within the combustion chamber, by a respectively specily the fuel supply amounts and fuel
second predetermined control rule at least according to supply timings of the plurality of kinds of fuels to the
the operation state of the internal combustion engine, combustion chamber 1n a case where the internal com-
thereby controlling an i1gnition plug provided in the 30 bustion engine 1s operated 1n the compression ignition
internal combustion engine according to the correction operation mode; and
ignition timing operational amount, at the time of the a control processing means for a spark 1gnition operation
operation of the internal combustion engine 1n the spark mode which determines, at least according to the opera-
ignition operation mode excluding a second predeter- tion state of the internal combustion engine, operational
mined period immediately after the switching from the 35 amounts for a spark 1gnition operation mode including at
first intermediate mode to the spark 1gnition operation least operational amounts which respectively specily the
mode, and which determines a correction 1gnition tim- tuel supply amounts and fuel supply timings of the plu-
ing operational amount which 1s obtained by correcting rality of kinds of fuels to the combustion chamber 1n a
a normal 1gnition timing operational amount which 1s an case where the internal combustion engine 1s operated 1n
1gnition timing operational amount determined by the 40 the spark 1gnition operation mode,
second predetermined control rule, thereby control the wherein the mtermediate mode control means includes a
ignition plug according to the igmition timing opera- means which, at the time of the internal combustion
tional amount, at the time of the operation of the internal engine 1n the first intermediate mode, controls a control-
combustion engine in the spark 1gnition operation mode ling operational amount which specily each of the actual
in the second predetermined period, 45 fuel supply amounts of the plurality of kinds of fuels to
wherein the 1gnition timing control means for a spark 1gni- the combustion chamber, separately for each kind of the
tion operation mode determines the correction ignition fuel, from an operational amount relating to the fuel
timing operational amount so that an 1gnition timing supply amount of each kind of the fuel among the opera-
specified by the correction 1gnition timing operational tional amounts for a compression ignition operation
amount becomes an 1gnition timing nearer to the retard 50 mode determined by the control processing means for a
side than an igmition timing specified by the normal compression 1gnition operation mode at the time of the
ignition timing operational amount, at the time of the completion of the compression 1gnition operation mode
operation of the internal combustion engine 1n the spark so that the controlling operational amount follows an
ignition operation mode in the second predetermined operational amount relating to the fuel supply amount of
period. 55 cach kind of the tuel among the operational amounts for

7. A controller of an 1nternal combustion engine which 1s
operable 1n a compression 1gnition operation mode i which
an air-fuel mixture charged ito a combustion chamber of a
cylinder 1s compressed, and thereby, the fuel of the air-fuel
mixture 1s self-ignited and combusted, and 1n a spark 1ignition 60
operation mode in which the fuel of the air-fuel mixture 1s
ignited and combusted by spark 1gnition, and 1s capable of
supplying a plurality of kinds of fuels whose octane values are
different from each other to the combustion chamber,
the controller comprising a first intermediate mode which, 65
in a case where the operation mode of the internal com-
bustion engine 1s shifted from the compression ignition

a spark 1gnition operation mode determined by the con-
trol processing means for a spark ignition operation
mode during the operation of the internal combustion
engine 1n the first intermediate mode while being
changed 1n a first predetermined pattern, and which con-
trols a fuel supply system provided 1n the internal com-
bustion engine according to the determined controlling
operational amount, and a means which, at the time of
the internal combustion engine 1n the second 1intermedi-
ate mode, controls a controlling operational amount
which specity each of the actual fuel supply amounts of
the plurality of kinds of fuels to the combustion cham-
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ber, separately for each kind of the fuel, from an opera-
tional amount relating to the fuel supply amount of each
kind of the fuel among the operational amounts for a
spark 1gnition operation mode determined by the control

62

operation of the internal combustion engine 1n the com-
pression 1gnition operation mode 1n the first predeter-
mined period,

wherein the means which determines the correction opera-

processing means for a spark 1ignition operation mode at 5 tional amount group 1s a means which corrects the cor-
the completion of the spark 1gnition operation mode so rection operational amount group so that the ratio of the
that the controlling operational amount follows an supply amount of a higher-octane fuel increases more
operational amount relating to the fuel supply amount of than a ratio specified by a normal operational amount
cach kind of the fuel among the operational amounts for group determined by the first predetermined control
a compression 1gnition operation mode determined by 10 value, with respect to the total amount of the plurality of
the control processing means for a compression 1gnition kinds of fuels specified by the correction operational
operation mode during the operation of the internal com- amount group, and
bustion engine 1n the second intermediate mode while wherein the fuel supply system 1s controlled according to
being changed 1n a second predetermined pattern, and the correction operational amount group determined by
which controls a fuel supply system provided in the 15 the control processing means for a compression 1ignition
internal combustion engine according to the determined operation mode at the time of the operation of the inter-
controlling operational amount, and nal combustion engine 1 the compression ignition
wherein the first predetermined pattern at the time of the operation mode in the first predetermined period, and the
operation of the internal combustion engine in the first tuel supply system 1s controlled according to a normal
intermediate mode 1s composed of a pattern separa‘[e]y 20 operational amount group determined by the control

set 1n advance for each kind of the fuel so that the ratio of
a fuel supply amount specified by a controlling opera-
tional amount relating to a higher-octane fuel increases
gradually with respect to the total amount of the plurality

processing means for a compression 1gnition operation
mode at the time of the operation of the mternal com-
bustion engine in the compression ignition operation
mode excluding the first predetermined period.

10. The controller of an internal combustion engine
according to claim 7, comprising
an 1gnition timing control means for a spark ignition opera-

of kinds of fuels specified by the controlling operational 25
amounts relating to the fuel supply amounts of the plu-
rality of kinds of fuels, respectively, and the second

predetermined pattern at the time of the operation of the
internal combustion engine in the second intermediate

tion mode which determines an 1gnition timing opera-
tional amount which specifies the 1gnition timing of the

mode is composed of a pattern separately set in advance 30 air-fuel mixture within the combustion chamber, by a
for each kind of the fuel so that the ratio of a fuel supply second predetermined control rule at least according to
amount specified by a controlling operational amount the operation state of the internal combustion engine,
relating to a lower-octane fuel increases gradually with thereby controlling an i1gnition plug provided in the
respect to the total amount of the plurality of kinds of internal combustion engine according to the correction
fuels specified by the controlling operational amounts 33 1ignition timing operational amount, at the time of the

relating to the fuel supply amounts of the plurality of
kinds of fuels, respectively.

operation of the internal combustion engine 1n the spark
ignition operation mode excluding a second predeter-

mined period immediately after the switching from the
first intermediate mode to the spark 1gnition operation
40 mode, and which determines a correction 1gnition tim-
ing operational amount which 1s obtained by correcting,
a normal 1gnition timing operational amount which 1s an
1gnition timing operational amount determined by the
second predetermined control rule, thereby control the
45 ignition plug according to the 1gmition timing opera-
tional amount, at the time of the operation of the internal
combustion engine in the spark 1gnition operation mode
in the second predetermined period,
wherein the 1gnition timing control means determines the
50 correction ignition timing operational amount so that an
ignition timing specified by the correction 1gnition tim-
ing operational amount becomes an i1gnition timing
nearer to the retard side than an 1gnition timing specified
by the normal 1gnition timing operational amount, at the
55 time of the operation of the internal combustion engine
in the spark i1gnition operation mode 1n the second pre-
determined period.

9. The controller of an 1nternal combustion engine accord-
ing to claim 8,
wherein the control processing means for a compression
1gnition operation mode includes:

a means which determines an operational amount group
which 1s a set of the operational amounts relating to the
plurality of kinds of fuels, among the operational
amounts which specily the supply amounts of the plu-
rality of kinds of fuels to the combustion chamber, at
least by a first predetermined control rule according to
the operation state of the internal combustion engine, at
the time of the operation of the internal combustion
engine 1n the compression ignition operation mode
excluding a first predetermined period immediately after
the switching from the second intermediate mode to the
compression 1gnition operation mode,

a means which determines an operational amount group
which 1s obtained by correcting at least one operational
amount, among a normal operational amount group that
1s the operational amount group which 1s determined by
the first predetermined control rule, at the time of the I I




	Front Page
	Drawings
	Specification
	Claims

